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1959 


Shigevasu Akai! and G. W. Keitt 


Professor Takewo Hemmi passed away on October 
12. 1959. at his home in Kyoto after a long illness. 

Because of ill health he had been on leave of absence 
from the Osaka Prefectural University. his last post 
held. since March. 1957. 

Takewo Hemmi was born in Takaoka. in northern 
Japan. on September 15, 1889. Upon graduating in 
Acriculture from Tohoku University. Sapporo, in 
1915. he began postgraduate work in plant pathology 
under the direction of Professor Kingo Mivabe,. found- 
er of plant pathology in Japan, at Hokkaido Univer- 
sity. Sapporo. from which he received the doctor's 
degree in 1920. 

His early interest was in the anthracnose diseases. 
He collected many Japanese specimens and clarified 
the relation of environmental factors to the mycelial 
growth and pathogenicity of the causal fungi. and also 
to the disease outbreak. He published his results in 
the Journal of the College of Agriculture. Hokkaido 
Imperial University, in 1920-21. 

Prior to his appointment as Professor at Kyoto 
University. in 1924, he went abroad. and in America 
he studied the epidemiology of plant diseases at the 
University of Wisconsin under the direction of Pro- 
fessor L. R. Jones. On his way from America. he 
traveled in Europe. and after returning home. he was 
made Director of the Laboratory of Plant Pathology. 
Kyoto University 

Throughout his career he was interested in the epi- 
demiology of rice plant diseases. He made many out- 
standing contributions in this field. especially on rice 
blast. He clarified the physiological characteristics of 
the pathogenic fungus of the blast disease. Piricularia 
oryzae, and the relation of environmental factors, par- 
ticularly of rice plant culture, to occurrence of the 
blast disease. It may be said that he was largely re- 
sponsible for the basis of the present control measures 
of the rice blast disease in Japan His studies also 
included the silicifieation of epidermal cell walls in 
leaves of rice plants in relation to blast resistance and 
the induced resistance of rice plants against blast dis 
ease by treating the seeds or seedlings with chemicals. 


such as plant growth substances. These contributions 


were summarized in 1935 in Phytopathologische Zeit 
schrift 6:307-324. and also included in the book. in 
Japanese. “Studies on blast disease.” published by 
the Asakura Shoten. Tokyo. in 1949 

Diseases of trees and wood-rotting fungi were als 


included in Dr. Hemmi's interest. He collected many 
specimens of dec aved wood and dex ay fungi. and in 
the field of dendropathology are also found many of 
his accomplished contributions. He was also deeply 
concerned with market disease. He studied diseases 
ot vegetables and fruits in markets of the Kyoto and 


Professor f Plant Pathology. Kvoto Universitv. Kvoto 
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Osaka districts. and discussed cause and prevention. 

Dr. Hemmi was much interested in the taxonomy of 
fungi. He made extensive collections of Septoria, 
anthracnose fungi. wood-rotting fungi, and mushrooms. 
Collections of so-called fleshy fungi, especially Clavari- 
aceae, Pezizaceae. and Geoglossaceae. pleased him 
very much. and he described some of them. 

From 1928 to 1929, and from 1946 to 1950, he was 
President of the Japanese Phytopathological Society, 
and was made an Honorary Member of this society in 
1952. He was also on the editorial board of Phyto- 
pathologische Zeitschrift from 1929 and of the Myco- 
pathologia et Mycologia Applicata from 1949. In 193] 
and 1937. he edited the journal of his laboratory, the 
Shokubutsu Byégai Kenkyu (Forschungen auf dem 
Gebiet der Pflanzenkrankheiten). in which he _ pub- 
lished many articles on experiments conducted there. 

After he left Kyoto University. in 1949, he accepted 
the call as a professor at Osaka Prefectural Univer- 
sity, in 1952. where he taught students of plant 
pathology until he became ill. He was one of the most 
distinguished scholars of his time and was known 


is a man of strong conviction and steadfast character. 
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Drechsler (5) reported that dimensions of conidia 
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ions to 2ZO mi of medium 


The effect « \-containing compounds on the isolate 
Ads detern ined by adding each \ “OUTCe in thre 
t necessarv t supply 250 me N per liter Phe 


immonium acetate lihvdrogen im 


immonium = tartrate potassium 


e. giveine. urea. phenylalanine, and asparagine 


ium was con posed 0 190 g anhvdrous 


glucose, 2.0 « KH.PO,. 0.5 MesSO, - 7H.O 


Fest) ind LOOO ml distilled water The medium was 

< lied wit IO0 Difco iva! purihed by the tect 

ue of Robbins 1? In all 3 experiments the 
ires were rvested atter 12 day- ibatior 

g re for plgmentatior study was y) 


¢ anhydrous D-glucose. 2.0 ¢ KNO.. 1.0 
FeSO,. and 1000 ml distill 
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held 350 ml of medium. 


harvested 6 


wate! Kach culture vessel 


To extract the mycelium was 
weeks after 


ground in a morta! \ mixture of 


pigments, 
inoculation, dried overnight at 85°C, and 
100 ml chlorotorm 
and 1 g dried mycelium was extracted for 24 hours 
in a Soxhlet apparatus. A Coleman spectrophotometet 


was used to analyze the crude fungus pigment 
barley. and 


tests. 


bromegrass, tall oatgrass, 


Orchardgrass 


oats were grown from seed for pathogenicity 


Seeds were sown in 4in. pots of steamed soil and 


seedlings were 3 in. 


Helminthospori 


thinned to 3 per pot when the 


tall. 


um and P. phaeocomes isolates were grown on 


Ilo assure adequate sporulation 
a glu- 
similar to that used in the 


cose-asparagine medium 


nitrogen studies. Spores and mycelium of each isolate 
cultured in 6 Petri dishes were added to 200 ml tap 


a Waring blend 


premoistened seedlings with an 


water, comminuted for 30 seconds in 


or, and sprayed on 


electric paint sprayer Three plants each were inocu 


lated in 3 separate tests, covered with a polyethylene 


saturated atmosphere, and placed 
8 hours. The 


removed and the plants were left under the humidifier 


bag to create a 


under a humidifier for bags were then 


for an additional 48 hours Disease readings were 


made | week after inoculation 


Conidia of H 


larger in 


Experimental results. Vorpholog) 


bromt from all sources were significantly 


mean length and width and had more septations than 
conidia of the other 4 (Fig. | 


from experimentally 


species 


Conidia measured inoculated 


} 


iosts were of similar size to those obtained from 


Range in length of conidia 
avenae and H. teres than for H 


«ast xual -tage ot Pleospora phaeo 


naturally infected plants 
was greater for H 


gramineum and the 


TERPES GR AMINEV™ AVENAE 


24 > 
22} 
. 20 } 
er + 
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than those of — mittance abilities. The chloroform extracts of 4 %& 
thy { er lates were Cu ites of H. avenae were red. 4 of H. teres were Orange 
ind 3 of H. gramineum were orange 
x! { edia used Phe residual pH of the culture filtrate was 64-74 
te e which Variation was greatest n isolates of H. gramin i 
“—_ - tion Exeept for H Since isolates of this species produced extracts of sip 
sporulated — lar color. it is assumed that pigment productioy 
| ed | general not correlated with anv marked alteration of pH 
midia | 1 | r characte! The per cent light transmittance at waveleng 
setie ( ( rter tha tervals of 25 mu was determined for the 3 species 
those produces f that produced visible pigment Minimum light trans 
Except Hy t be dif ittance of extracts tor the 3 species was distinet 
ferentiate | vidt nd septa the spectrophotometric analysis Al] isolates of # 
tion feres attained minimum per cent light) transmittane 
P were stud it 400-500 mu. The low points of light transmittay 
ed <= po tie with the for Hl. gramine i? were 450-500 n whereas the low 
orphol ( te t H nthosportur for H. averae was 500 m Extracts of H. bromi a 
ind P ( ided reaction to the asexual stage of P. phaeocomes had transmittar 


rowtl I t t nel = the sole car curves identical to that of chloroform, whieh Was Used 


ment pi Pathogenicity H. avenae parasitized several hests 


! 

Direct ec effect | ichite green Qn oats. immature lesions Apr poe ired as minute streaks 
md cr ! t-\ ta r mediun that at maturity enlarged into obler Y blotches or 
were n \ entrat malachit nany cases, a general leaf blight. Similar lesions were 
reer d ‘ ettect th ervstal violet formed on tall oaterdss On leaves of harley Imma 
(Lolonyv ad is vreate for ture flecks develope 1 into Drown stripes up to 7 mm 
Hl. aver ‘ \! Q ppm of long surrounded by a vellow bordet H. avenae als 
rvsta eXuU stage of P nfected orchardgrass. producing minute water-soaked 
phrae ‘ r i thre He spots with light centers Phese enlarged into necrot 
mint! erea lesions L-6 2 mn surrounded by a_ purplish 


H ; y diat rown border 
eters at the f ef i basal H. teres and H. gramineum infected only bark 


medi { thie : Minor H. teres infection produced a net bloteh lesion gener 


differs ' t vreat y surrounded by a narrow border or blotehes ar 
eiieel streaks. Infection by H. gramineum produced a 
Sever }] ecies orew poo! elongated brown to vellow stripe lesion ip to 55 mr 
ly mn oO 0 
solid med S itilized trate. al Phe Helminthosporium stage of P. phaeocomes 
moniu ' extent. ther duced symptoms only on orchardgrass. as previously 
were f j veel described by Graban 8) Infection by H. brom 
produce ted dark brown streaks 6 1-2 im long 
The liffered fron surrounded by a vellow border on bromegrass 


the « ‘ | ere ' ts poor Discussion.— Not all characteristics emploved ir 

growth « \ ound oth solid nycological identifications are applicable to specif 
] ] ] , ] ’ ] ry 

ind lig | f f with phenvi Oups For example the classification of veasts 


vlanine iy , lates of H based on phvsiological reactions Delimitation 


f § ! fy species in the higher groups of ascomveetes has beer 
crew best wit trate | ediun based primarily on morphological criteria Phe use 
where lid t. Varia fulness of morphological criteria depends largely on 
tior mn 4 slight ? tactors well-defined cenety illy determined differ 

Chlorofor \ demo ¢ es among collections ind a relatively) sn ill and 
trate | sural le ette | ot t ‘ t I such char 


ae ee Beg ] eated hy morphological eritel! - pplementary 

y t ‘ r cteristics must be sed These include physio 
were ) vical eriteria 1 ost specineit 

. . ' lia. with the exceptio of H ’ ollection 

aad H nthospor species we losely integrated 

{} }] ome 1 thus species ident i I ised on this criterion 

j e te st'hed w ; { ree it certainty 
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tainty 


wher. 1960 


, 
, 


numerous field collectis 


inti}! a study ol 
supplementary eriteria such as physiological 


le i] studies are needed to substantiate the 


lidity of species lifferentiation 


yal 

Charles et al 2 found that H. avena produced 
vnodontin, whereas H. gramineum produced helmin 
thosporin and hvdroxvisohelminthospor Since the 
olor extracts and light transmittance curves of al 


es were different trom those produced 
H ena ind H. Lramineun each species pro 
liferent-colored extract- { may be assumed 


that H. teres contair 
species 

It is concluded that H. avenae, H. teres, H. gran 
seum. H. bromi, and the Helminthosporium stage « 


P. phaeocomes ate distinct and should be retained as 


sa mixture of pigments different 


valid species based on morphological 


ind pathologic il studies. { S. Regional Pasture he 


physiologie 


search Laboratory. University Park. Pennsylvania 
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pidss ! i perennial rvegrass neadow tescue 
] 

ybrid (2 PR 1XMF) revealed 2 physiologi 
forms of the fungus The na « ropose ire H 
Lict I | ! fyoides nl tre meadow ind tal 
fescues 1 H. dictyoides f. sp ne nf tea 
pere l ] i ] | rvegras-e-s { the hvbrid 
Lo ha of solates tron the <t< were 
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phologically inseparable but ieee tenia te 
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Studies in the biochemistry ro-organis \XAVIL. 
i) On the production of hydroxvanthraquinones by species 
of Helminthosporiur b) Isolation of tritispori 1 new 
etabolic product of Helminthosporium — tritici-vulgaris 
Nisikado The molecular onstitution of itenarin 
Biochen ] $ 9.572 


GRASSES 


Braverman and J. H. Graham 


elial growth of all isolates was variously inhibited 
by 2 concentrations of malachite green and crystal 
violet. Each fungus species grew differently in media 
Chloroform extracts 


} nitrogen sources 


containing ¢ 
of mycelium of H. dict 


es and H dictyoides vat phlei from timothy were 


fyoides harvested trom the tes 


; 


beige to vellow. whereas isolates of H. dictyoides from 
the rvyegrasses and the hybrid produced no visible 
pigment H. siccans and H. erythrospilun produced 
i pink pigment. and the extract of H fenarium 


Isolates of H. dis 


produced only a trace of color 


tyvoides irom the tescues were pathogen! only on the 
fescues. whereas isolates { m the rvegrasses and the 
hvbrid were pathogen on those hosts and to a less 
degret on the fescues H siccans Wa- pathogen on 
the fescues. rvegrasses. and the hybrid Cultures of 


H dictvoides vat phtlet ind H ervti sp dyn were 


i¢ to then respective hosts 





The Helminthosporium gramineum Rab. complex 

ct reals and forage grasses Was dis issed in inother 
paper ] Species de lineations in that con plex were 
based on morphologi physiologic. and pathologic 
criteria. In the present study these criteria were ap 
' forage grasses to deter! re i bPaswti= tor taxonomi 
“pal itior 

Leaf lesions iused by a species of H nthospor 
r Lk. were nd on plants of a triploid hybrid 








Table 1 HY < < 
. Oy 
(int r ( 
- 1} 1’ 
| NA NY We 8 
“ Pa.. N.Y... W: 3 
D> 
i Pa. §.} 
’a.. N.Y., W. \ 
\.Y 7 
a. M ° 
( ‘ iltu Mad. W 
‘ 
| were also cluded < 
ed at the Methods used in this investigation have been 
S. Re Diseased scribed (1 [he isolates used are listed in Table 
t ( sting of Morphology. Host plant The morphology of t 
rt I | i -treaks of tunel Was studied on intected leaves collected in 
¢ mie \ held and placed in moist chambers. on plants Ihe 
| ited im the vreenhouse ind o1 ival media Iw 
| 19 1) ‘ pecies of to 4+ field collections of nfected leaves from. the 
Helmir 1) : that I hosts were made at various times during the growi 
due é It has season to study morphology on the host Also. conid 
ee I arund were me isured from plants inoculated with ~pores 
‘ St In 1 same from host tissue and from = cultures These repre 
pune pecies (H. sented collections from 1-4 locations. For comparis 
ST¢ ns re i ed 1ark row! elor leaves iho ilated with Known isolate ~ of HH. dictvoides 
ee ( e darke treated similarly. Morphology was studied of fruiting 
ind |e ( f H . No structures from all plants infected in cross-inoculat 


ted t ~ WOrK ft tests as well as from the original sts 


hy lar d hi ¢ ¢ if e cause of ( onidia ol thre H dictvotdes Ty poe from meadow 


ll fescue. annual and perennial rvegrass. and _ the 
1 . 


In Wale ted to be the hvbrid were morphologicall 
Hl dictyotdes ind ivreed with Drechsler s deseriy 


y similar to known isola 


pre : eadow escu tion of the species Fig. | Spores are light: gree 
Iso are Scotland. de to light brown and taper slightly to sharply towar 
ribve Dovas the apex Phe conspicuous hilum is enclosed by tl 
, ' il evospore Phe basal cell is either hemisphert al 
” esions ol emi-elliposoidal. and the basal on second cell 
. ( ted lar to isually the largest segment of the spore (Fig. 2 \ 
" few secondary conidia were found in one collection + 
; | Helminthosportum trom the hybrid Conidia of H 
H ‘ tre des var. pile -O taper it are predomina 
t t ~ h i enulate and smaller t spores of H ctvo 
d t =s H ( rium has tapered early lorless. catenulate 
HY ) Hf § ) 1 that are signil nti ver tha ny spere 
Dre the H o1des x 
rae ece ‘ H.s ms is t Lor il rvegrass. tl 
i ind syn pote - ses od Ite contust 
fe ‘ \ hose induced by H . that host. 7 
e to brown conidia re vlind: i or tape! slig! 
Crite : ‘ ward either end ! are borne long conid 
ht res ip ta 22/1 pared 123 » for A 
les Conidia of H rvthrospilum on redt 
early eviindri ire borne ol lor vy cond 
hf f . es ind were the shortest of the species studie 
ai . | Hi ( n=idered separately fron ther morphologica 
Ht stics., contd <eptation et 
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" < riteria for species delineation | atenartum spor ilated well on glucose-asparagine aga! 
es ia of H. dictyoides varied significant Conidia retained their characteristic shape on agar 
Liffe osts: conidia were t consistently ned but were less variable and shorter than on 
ut ~ ler on the original host than on st tissue 
d howevel Species ind isolates of the tung: could not he dis 
lr = ites were cultured on various med guished by colony haracteristics rowever. H. ste 
leter est for conidial production Phes ns. H. erytl § 1 H. dictvoides trom the 
ed thie how ev ugar media Corn-meal. veast escues prod ed iny <clerotialike I hie im othe 
\ Hopkins. Sachs. and various media used it potato-dextrose agar medium. whereas H fenariun 
yatior -tudy All isolates except H H dictvoides i! hie ind H ad s tron the 
» 4 : 
3.4 } j * 
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S ‘ eA N , 
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Vie 


( 
H 
| 

1); ( i 
rveg i a) 

Physiology. ! wal characteristics were 
studied fo Use IM ¢ yyunction with 
morpholo neate the /1e nthosportun 
isolates | f led react to growth-inhibiting 
substance lr nitroge murces ind pig 
ment prod 

React t / Oiling suo / § Mala 
chute ! ind cry | violet il 10 
ind I epticall basal malt 
yeast a ‘reliminarvy experiments had 
indicated 1 tilerence pmonsg solates of 
Helmint reatest t these concentra 
tions | ! f all isolates was greatly 
inhibited t entration of both dyes and 
liohtls ad it the howe concentra 
thons I isolate ilmest i 
reat 


t 
isolate t was observed 1 i basal 
mediu howl ‘ ree 0 nitrogel 
idded icetate. dihvdrogen a 
! mitt l tart te | tuss 
nitrat ‘ vi lar ne a <parauine 
(,ene drawn trol the data even 
thougl vlate ot ( for! or 
species ot ff } was slight be iuse eat 
fungus ifferently to | or more ot 
the nitroge ere was no correlation among 
th , ietermination t weighing 
the mvce i { nd on olid media by mea 
surin the ete | olony and the weighing 
the mye i media all species except H 
srccans rowth in. the isparagin 
mediul d media ammonium acetate 
was the best 0 ¢ trogen tor ill lung by wel ht 
except H r Diameters f colonies solid 
media differs ror h fungus isolate ind tor eacl 
source of 

Pign 4 \ indi ited earlie! 
paper | ‘ t sduction by H minthosportun 


“1 
} 





sease index* on leaves of indicated grasses 
Perennial 
rvegrass 
eadow 
fescue Perennia Annual 
nvypbrid rvegrass ryvevrass Timoth 
() ( () 0) 
() () () 
ri () 
} | () 
f ) () 
i} } \) a 
2 } () 
ored or killed 


Charles et al (2) and Raistrick et al (8) purified and 
identified some of the pigments Ot the -pecies used 
in this investigation. only H. catenartum was studied 
by the English workers H. catenarium produced 


Analysis of pig. 


itenarin, a hydroxyanthraquinone 
ments from other species of the genus suggested dif 
erences 

Chloroform extracts containing pigments from dried 
colonies of the 4 Helminthosporium species varied ir 
color and color intensity, and produced different spec 
tral transmittance curves Isolates of the same species 
except in the H dictvoides complex produc ed “IM) 
larly colored extracts [The extracts of ) isolates of 
H. siccans and of 2 isolates of H. « 


pink: 3 isolates of H. catenarium 


! vthrospilum were 
produced only a 
trace of color. Chloroform extracts from 4 isolates of 
H. dictyoides var. phlei, 3 isolates of H. dictyoides 
Irom me adow fescue, and > trom tall fescue were beige 
to vellow. Colorless extracts were obtained from 3 
isolates of H. dictyoides respectively from) perennia 


Veordss 


innual ryegrass. and the perennial ryegrass 
meadow fescue hybrid 
The original pH of the Czapek Dox culture mediun 
». dropped to 7.0-6.1. Greatest variation in residual 
pH was among isolates of H. dictyoides var. phlei 
ince extracts from this fungus were similar in color 
variability in pH value. it seems that color 


residual pH 


Minimum and maximum per cent spectral transmit 


cle spite 


differences were not due to diflerences ir 


tance of the pigment extracts were similar for 2-4 


collections of each organism. 


In spectrophotometrir analyses. minimum spectral 
transmittance was distinct for each species that pro 
ver cent light trans 


The low 


tor H erythrospilum and H. siccans Was 525 mu: {or 


duced a colored extract The 


mittanee was determined at 25-myu intervals 


H. dictyoides var. phlei and H. dictvoides trom meadow 
fescue. 500 mya: and for H. dictyoides from tall fescue 
100 mya (the lowest mya measured Isolates within 
a 1 is species tor variety varied in per cent 
spectral transmittance, indicating differences in qual 


tities of pigment or pigments 
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ctober. 
Pathogenicuy Numerous CcTOss inoculations were perennial ryegrass-meadow fescue hybrid be desig- 
ae . 


nducted over a 4-year period in the greenhouse to 
onaut ‘ 

jetermine the reaction of meadow and tall fescues, 
and perennial rvegrasses, the hybrid. and 


mothiv to known isolates ot H. dictvoides and H. 


ann ial 


cans and to several isolates of Helminthosporium 
siccd ail 


lle ted from these hosts at different locations. 


Preparation of inoculum was described earlier (1). 
t 


[he average disease ratings for 15 tests are pre 


ented in Table 2. Helminthosporium trom tall and 


meadow fescue attac ked only those hosts, and induced 


net-blotch on meadow fescue leaves and a net-blotch 
or long necrotic streaks on tall fescue. H. dictyoides 
type isolates from the ryegrasses and the ryegrass- 
ne ue hvbrid infected those hosts and were less patho- 
genic to the fescues. Small brown streaks and yellow- 
brown blotches developed in varying degrees on all 
H. siccans attacked the same plants, producing 


Isolates of H. 


infected only 


hosts 
necrotic spots with chlorotic margins. 
dictyoides var. phlei from timothy 
timothy 

In limited inoculation studies. H. erythrospilim pro 
duced straw-colored spots with dark borders on red 
H. catenarium failed to attack any of the plants 


Discussion... Conidia harvested from the fescues 
rvegrasses. and the hybrid were morphologically simi 
lar. Variations in conidial length were apparent. but 
such variations also occurred within collections from 
the same host. Little variation occurred in width or 
septation. Culturally, all isolates exhibited consider 


able variation. but only isolates from meadow and 


tall fescue produced sclerotialike bodies in culture 
Because all isolates differed in reaction to dyes and 
availability of nitrogen sources, no groupings could 
be made on these bases. The isolates were separated 
nto 2 groups on the basis of pigment production. All 
isolates from the fescues produced a beige to vellow 
pigment or pigments that differed when analyzed by 
spectrophotometry. Isolates from the ryegrasses and 
the hybrid produced no visible pigment. Isolates from 
meadow and tall fescue infected only those hosts 
whereas isolates from annual and perennial ryegrass 
ind the hvbrid attacked those hosts and. to a lesser 
degree, the fescues. From similar responses and mot 
phologic characteristics. it is concluded that H. sie 
ans, H. erythrospilum, H. catenarium, and H. dis 
yoides should be retained as valid species of Helmir 
and H. dictyoides var. phlei as a valid 


ti ospe r 


Variety 
On the basis of the morphological similarity and 
the physiological and pathological differences, it is 


proposed that the Helminthosporium fron 


theretore 


meadow and tall fescue and the He 7 inthosportum 
ron " 


m annual ryegrass. perennial ryegrass. and thie 


nated as formae speciales of H. dictyoides. 
Helminthosporium dictyoides Drechs. {. dietyoides, f, 


nova 


Descriptio specifica amendata: corporibus sclero- 
tialibus in culturis productis; maculas interdum 
reticulatas in foliis Festuca elatiori et F. arundi 


naceae efformans. 


Helminthosporium dictyoides Drechs. f. perenne, f. 


nova 


Corporibus sclerotialibus in culturis carentibus: 
maculas in foliis Lolti perennis, L. multiflori et hi- 
bridae L. perennis * F. elatoris efformans; etiam 
in Festuca elatiori et F. arundinacea artificiose in- 


oculata parce noxia. 


Helminthosporium dictyoides {, dictyoides, forma nova 


Amend original description. Sclerotial bodies pro 
duced in culture: causing a net-blotch and blotch on 
leaves of Festuca elatior and F. arundinacea. 


Helminthosporium dictyoides {. perenne, forma nova 


blotch 
on leaves of Lolium perenne, L. multiflorum, and L. 
PR&4& MF) hybrid. In 


artificial inoculations, slightly pathogenic on Festuca 


No sclerotial bodies produced in culture: 
perenne * F. elatior (2 


elatior and F. arundinacea.—U. S. Regional Pasture 


Research Laboratory. University Park. Pennsylvania. 
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BACTERIAL STEM ROT OF DIEFFENBACHIA 
Donald E. Munnecke 


\ progress uniformly throughout the stem. Cuttings 
nfected during rooting. are usually rotted from the 


base upward, and eventually all the stem tissues shoy 


Rudo : er extent solt rot. Canes often de velop i tvpi al soft rot during 
D , ores 1USesS ear Los propagation 
vele \ fle t lo { rapidly b he 
\ng : A : iI by th Interna In natural infections light- to dark-brows 
ippeal rf ptoms occurring . 
4 streaks occur, progressing inwardly and_ vertically 
near t weeks the , 
; | Infected tissues are firm initially. but eventually they 
stem ( i 7. ijistes nter 7 
. become soft and rotter Fig. 1-B). Bacteria are 
nally reak ) i progressing es 
inwardly ! ( tir ind cane often rot thundant throughout the rotted areas. In the solid 
during pro Bacteria occur ibundance light-brown areas before the tissues became disorgar 
with t f ¢ ' i ind resin duct zed. the bacteria are located within xylem Vessels 
canal ve rapid through = these parenchyma, and, in particular, the resin duct canals 
tissue , | tes fo other portions of In 3 days. the bacteria move more than 20 em fron 
the plant 1” ectertol il determi 
leter the point of inoculation in petioles Phe se observa 
nator Dietlenbac i 
ons confirm the vascular spread of the disease 
as which is similar to that reported for Erwinia chrysar 
controle ¢ rad itive ind . 
inital btained Burkholder et al on carnation. Dianthus cary 
by d } | \ I ( Streptomvein phyllus Linn (6 ind CArysanthemum morttoltun 
ind le é i Theor Ran ) 
i ly / ; ’ 
OugTTS ( K bacteria Phe pathogen. Bacteria were easily isolated fron 
i i\ e < t | cane ke bed I in di nlected stems. Othe I species ot b reteria, however 
imete r ' () | ind 1 | P » 
were constantly associated with the pathogen, Results 
propa if ¢ j é well sepa 
ef were best with the following techni \ portion of 
rated ed nt . \ correlation , 
was ] ct nfected stems at the junction of the healthy and dis. 
' cit i 
ind P cam « eased areas was selected, the heavily infected tissue 
ste diame trimmed off. and the remaming piece thoroughly 


yvashed with hand soap and wate! After being 








aoe irred lotted on a clean towel the piece was soaked 2 min 
March. 1956 ear Los Angeles. Newly ites in 0.5% calcium hypochlorite. drained. and 


; trimmed with a sterile scalpel into pieces less thar 


rooted cuttir tock plants of Dieffenbachia picta 
odd S ' 1) todd Schott ‘Rudolph 9.25 in. on a side. The pieces were steeped 10 min 
Roe ind D hause D. picta D ites in 10 ml sterile water to allow the bacteria t 
werrl Wwe 4 rot at thre emerge. Several dilutions from the infusion were pre 
bane of’ ) oy x Gentil was not pared (1:10. 1:100. 1:1000) and 1 drop added per 
ss severel , wcteria were Petri dish, and swirled into approximately 15 n 
observed j Sing lisxease had cooled yeast dextrose calcium carbonate agar ( YD¢ 
not heen re lv was tiated Usually 1 dilution was suitable for isolating bacteria 
Symptoms, j e earliest external svmp from single colonies. Such isolated colonies were 
tom of infectio ' f the lower leaves. With frequently contaminated with Pseudomonas spp.. and 
artificial inf davs after inocu the pathogenic bacteria were frequently overgrow! 
lation of / \\ f , larkenine by the saprophytes. At the suggestion of Professor 
and wate: ' elow the soi] M. P. Starr this difficulty was overcome by transfert 
line \< ’ , | is ruy ring single colonies to 5 ml sterile water containing 
' , sues (Fig ibout O.OL g of a detergent Lakeseal Laboratory 


}.A | nt t< nletely ind the Glass Cleaner manutactured fy Finger | ikes ( hen 
’ i A al Co., Etna. N. } and shaking for 2 hours Ther 


the bacteria were streaked on YDC plates and in 


ireas V appal 

ently ur eventually it bated 48 hours. and single colonies were transferred 
ton same \\ ‘ ed v the to slants This method reduced the numbers ot ba 

needle ' ) n ad teria somewhat but purified the cultures successfully 
imete ilation The virulence of isolates and their stabilitv in culture 
rhe wate enero ; nd colo! were greatly increased by this teehr 

less and Growth was abundant on YDC. and sparse on bee! 

Aflecte ! I I rections pro peptone aga! (BPA ind potato-dextrose agal (PDA 

vress il the The following colony descriptions apply to growth or 
ste “ etures YDC. Colonies appeared in 48 hours and were well 


HU 








1960 MiNNECKI BACTERIAL s1 


Qietobel 


developed n ) > days at 20 25 ( Well isolated 


alonies were creamy-white, raised, with smooth mar 





ns. and 0.5-1.0 mm in diameter The colonies re 
sined discrete and did not spread over the surface 
wang the mediun As colonies aged. the surfaces were 
a equently ive aded ot wrinkled when viewed with a 
as : csecting microscope. Small exudates of amber liquid 
7 npeared on the surface of the be ided colonies. The 
surface of the wrinkled colonies appeared shriveled 
X- Drow! ind somew t ary Phis appearance was most com 
rtically nen on the large isolated colonies, and not evident on 
ly the rowded colonies. The colony character was not stable 
ra are since each tvpe produced colonies of the other tv pe 
© solid when subcult ired. 
“Or gat Purified isolates were characterized bacteriologically 
vessels n comparisons with authentic stock cultures (by Dr 
“anals ). D. Sutten in 1957. and Mrs. Gladys Cosens in 1959 
n Troy der Professor Starrs direction in the Department 
bserva Bacteriology l niversitv of California. Davis The 
lisease solates. made 2 years apart from naturally infected 
‘ry sar ints. were of proved pathogenicity and purity before 
a eing subjected to bacteriological tests. Dr. Sutton 
foltun onsidered the bacterium to be closely allied. but not 
lentical to f chrysanthemi. \Irs (Cosen igreed ( losely 
! fron sith Dr. Sutton. finding that the Dieffenbachia isolate 
wever id » in common with the “Parthenium.” “Chrys 
vesults intive i ind “Dianthus” isolates of Erwinia as 
ion Ol uutlined by Hellmers (7. p. 124 ilthough differing 
d dis. pe 
tissue lf Hellmer’s (7) classification of various Erwinias 
ughty found o1 euavule. Partheniun argentatum Gray 
being Eruur otovora i. sp. parther Start carnation 
, i Arvsanthemt sensu Lelliott ind chrvsanthemum 
and i hrysanthemi Burkholder et al into torms of 
thar Pectobacter im partheni Start Hellmers. is fol 
nD owed. it appears likely that the Dieffenbachia isolate 
1a sould be imed P parthent var. dielenbachu. How 
pre ever. the combining of various Erwinias into a new 
per yenu- Pe tobacterium, has not been universally ac 
a ected 5. 4. 6. 8. 9) Burkholdet ] recently argued 
Dy “I ely against such a classification, and it appears 
teria t the Ist if Pectobacterium for these groups 1s 
wens e. It seems best at present to follow. the 
ane rececent set by Lelliott (8) and withhold naming the 
row eleriun intil our comprehensive st idies of the group 
— ire leted. Consequently. the Dieffenbachia | itho 


ster se ~ considered herein as a strain of Erwinia chrys 
ning 
tory Inoculations and fulfillment of Koch's postulates, 
1en Seve oculation experiments used single-colony 
her ~olales I acteria, and numerous inoculations used 
neu niected tissue macerates In a cases typical -vmp 
rred toms I the disease were reproduced First svinptoms 
} ; 
sates ippeared i—> weeks after mocutatior and death 
alls ccurred in 2-6 weeks Lise ise progression was tast- 
ture esi : er and slowest in winter. In 1957 and 1959 
t ere re-isolated from inoculated plants ident! 
peel hed bot wcasions as outlined previously. and used 
\ lo Te oduce the original symptoms 
or » e several other species f teria were so 
oh : ssociated i le ed osts witl the 


eee 


nes 


Was investigated isolates from Dieffen- 


*R idolph Roers. 
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ill con \ t 2 plants inocu L.o% and Acti-dione (cycloheximide) was deter. 
lated with the | ere killed, all of the other mined in vitro by the filter-paper assay-dise techni 
plants were t f No synergistic or antago rsing YDC as the medium The bacteria were more 
nistic effect ‘ t the ssociated bacteria sensitive to oxytetracveline than to streptomycin, and 
were strict the combination of the two in Agri-mycin 100 was 
Host range I ed attempts were made to investi additive but not synergisti The bacteria were In 
gate the host range of the pathoger The following affected by doses of Acti-dione up to 100 ppm. 
hosts of E. ci ntl were tested: Chrysanthemum Che sensitivity of the bacteria to Agri-mycin 100 
mortfolium Rat eties Grand Sla i. W.. Ferme was utilized to obtain commercial control of the 
Forty-niner, Mary MacArthur, White Top). and Dian disease on Dieffenbachia. By dipping cuttings for 15 
thus caryopl is | White Sim. Pink Sim, Pep minutes in Agri-mycin 100 solution (200 ppm active 
permint Also ‘ ted were Parthenium argen ingredients) before rooting. the cutting rot phase of 
tatum Gray. / giflorum Thun... Philodendron the disease was reduced to negligible proportions jy 
hastatum (see 2 { omenclature), Lycopersicum — the first month. The infection in stock plants growing 
esculentum M riety Pearson ind Pelargonium — in beds or in large pots was not controlled with Agri. 
hortorum Ba ' Radio Red Stem puncture mycin 100, even though weekly sprays (200 ppm active 
inoculations were with pure cultures of the ingredients) were applied for several months. 
bacteria. No wilt re ted with chrysanthemum inocu Since the antibiotic dip and spray control measures 
lated and held 48 80-90°F and 70-1000 RH. were merely palliative. measures involving heat therapy 
the conditions reporte - most favorable for disease were investigated to obtain an eradicative treatment 
development ed } santhemt The pith of Hot-water therapy.—1\ Thermal death point of the 
some plants w é t darkened after 2—3 months bacterium tin vitro.—Fortyv-eight-hour BPB cultures of 
[his reaction wa to the reported reaction of the Dieffenbachia pathogen were used either at full 
E_ chrvysant/ ( erature and low RH (5 strength or diluted 1:10 in’ sterile distilled water 
No sympton italia luced on carnation. the other Pubes containing 5 ml of the cultures were immersed 
host of / ntl ed in these tests in water held at 110-140°F in increments of 5°F for 
Lily scales nt ed Petri dishes and inoculated lO. 20. or 40 minutes. The thermal death point was 
by swabbin racte er fresh needle punctures. re 120 F/10 minutes for the concentrated broth cultures. 
mained unaflected. No external symptoms were pro- and somewhat lower for the diluted series. Some of 
duced on P. hastat though the center of the stems the saprophytic bacteria survived 140°F 40° minutes 
at the point of ino tion was rotted slightly after This again demonstrates the competitive ability. of 
} months. There read from the inoculated — these saprophiytes. 
area. No response 1 be observed on guavule or 2) Effect of hot water on host The thermal death 
geranium pot of the Dieffenbachia pathogen is close to the 
The reaction vas unusual. Within 7-14 temperature at which cane is killed. It has been shown 
davs of stem ino if t it teal pe tiole above the (| that Dieffenbac hia cane withstands wate! tempera 
point of inoculation wv 1! and hecame necrotic on the tures of 120°F. but sometimes succumbs to 125°} 
underside at the ste tior In the following 2 
months the wilt ar sis progressed upward. The 
infected tissues re rown and dry and soft -~ ° 
wu 
rot never develoned Phe drv rot progressing ipward a 
was quite different fre the other host reactions. The S1 
vascular tissues were lored. In a plant kept 5 2 
months. new. s| t e produced trom the stem a 
below the inoculat ullo 2 
Daucus carot S nus tuberosum Linn. @ VA 
) . 
Raphanus sat s Lir 1 Cucumis : itivus Linn = vA 
slices were inoculated swabbing cultures of the Bigg if 
bacterium over their I s and incubating in the WwW VA 
dark at 27°( Rott ( red in 18 hours. The cell ss4 ANE 5 AMETER 
: r 4 /e - 
walls apparently ve solved since the tissues be- = 90 / : : 
came water-soaked radish, the color from the 3 / } ae 
outer tissues diffuse oughout the interior of the > . : 
: - 
slice. Epidermal tissue f the slices remained intact = 80 
Phe odor prod ced wa ngent and somewhat like a 
ammonia. No sulfur od were detected until after @ 
9) ’ ~ 
24 hours. In 8 days tl es were completely rotted Fg 


ial aieitien thle linc, 0 10 20 30 40 50 60 


but 

Control. — {ne ‘ & aehaletetey af the MINUTES IN WATER (130° F) 
bacteria to strept late xvtetracveline. and Fig. 2.-Effect of size f Dieflenbachia picta cane on 
Acri-mvcin 100 tre ' 1S oxvtetracveline heat penetration 
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Since Dieffenbachia cane is 0.5-2.0 in. in diameter. it 
takes longer to heat the center of the large pieces 
than the -mall ones Two experiments were made to 
neasure the rate of heat transfer in varying sizes ol 


lameters 
er-ed 
ture was 
} 

sio [he 


, '] 
Oo 
- t~ | 
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| it 
| ~ he 
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UHL MLUNNECKE BACTERIAL STEM 


Rooti of the cane and survival of bacteria 


Number of treated cane pieces 


producing roots when propagated 


Plant number 


er of pleces of cane 8 in. long ot varving 
were affixed with thermocouple wires and 

water held at 130+1 I ‘he tempera- 
recorded at l-minute intervals after immet 


means of the data for the 2 experiments are 


I ? «It is significant that heat penetration 


ines of 1.5 in. or less was very similar for all 
ane. whereas it was much slower through 


Thus. cane over 1.5 in. in diameter prob- 


ild not be used in hot-water treatment 


ation of bacteria tin cane with hot wate! 
thermal death point of the bacterium was 
range tolerated by uninfected cane. an at 
made to eradicate the bacteria from infected 
Stems of inoculated plants were 


hot wate! 


hot water for varving times and the 


-s determined by inoculating plants with 
tron the treated preces Also. portions of 
were planted to test the adverse effects of 


reatment 


The details were as follows: Thirty-three D. picta 


‘Rudolph Roers’ plants (18-24 in. tall. 1.25-1.50 in 
diamete 6-9 nodes) were selected. and 24 of the 
ost unit plants were inoculated with washings 

I eight 20-hour bacterial cultures growing on Y D¢ 

Fac early defined internode was carefully inoculated 
y puncturing all the way through the stem The 

ste ! ired was swabbed again with the bacteria 

Unino ed plants were treated likewise except that 

sterile water was used in place of bacteria The 
ints were held in a greenhouse at 70-90°F. In 3 

days ooze was produced at each puncture and the 


of leaf sheaths at the lower nodes were 


The stems were firm. and soft rot had not 


le eloped The stems were cut into lengths of 4-10 
n.. averaging 6 in. The average diameter of the pieces 
Vas 1LO-1L15 in The leaf sheaths were trimmed off 
ind the ste neces were bagged ! cheesec loth and 


1?0+] i tor Ss 1). or 60 


ROT OF DIEFFENBACHIA 699 


bacterial-infected and uninfected cane of Dieffenbachia 


Number of plants infected when 


inoculated with infusion from 


hot-water-treated cane 


Plant number a’ 


viving l ; 5 | 6 infected 


57 0) 0/] 0 | 0 ] 0O/] 0] 0 
100 Not used 
i] Not used 
1] Not used 
0 l/] | 1 | 1 |] l/l ll 100 
0 l/] L/] lL ] 1] l/l 1/} 100 
0 l/] l 0 ] 1 | l/l] 0] 66 
0 0O/] 0) 0 ] 0] 0/] 0 ] 0 


minutes \ control series was treated at 80°F for 60 


Lninoculated stems were treated first. 


he center of 


minutes. 

Thermocouple wires were affixed to t 
each of 3 inoculated and 3 uninoculated canes 0.5, 
1.5. and 3.0 in. from the end. The temperature reached 
at each position at l-minute intervals was recorded 

The canes were retrieved and cooled with running 
water, taking care not to contaminate the cane by 
About 0.5 


in. of each end of the cane pieces was aseptically 


handling or contacting other treatments 


trimmed off and the remainder cut into 4 or 5 pieces, 
each containing 1 or 2 nodes. One piece from the 
center and | from an end were used for subsequent 
subinoculation. and the remaining 2 or 3 pieces were 
used for propagation 

Inoculum was prepared by aseptically cutting out 
the infected areas of the 2 inoculum pieces, mincing 
in 20 ml sterile water, and steeping for 10-20 minutes. 
he inoculum prepared from a single treated stem was 
used to stem-puncture-inoculate 1 D. picta ‘Rudolph 
Roers. Six replications were used for each treatment, 
making a total of 30 plants. Plants were returned to 


the greenhouse at 70-90°F. Symptoms appeared in 
> days. notes were taken weekly for 5 weeks, and final 
notes were taken at 3.5 months. 

To test the effect of hot-water treatment on propaga- 
tion of cane, the remaining 2 or 3 pieces trom each 
stem were placed under steamed sphagnum moss in 
2-in. clay pots. Each pot contained pieces from only 
1 stem. and the pots were kept spac ed to reduce the 
chances of cross-contamination. The sphagnum was 
intermittent mist appli- 


kept moist by an automatic 


ance in a greenhouse propagation chamber at 70—-80°F. 
Effects on rootin 
Temperature curves plotted from the thermocouple 


¢ were noted at 9 weeks. 
readings were similar to the curves for 1.5 in. diameter. 
shown in Fig The center of the same piece, however, 
did not reach 120°F until an average of 21 minutes 
after immersion. Consequently. it was predicted that 


the 30-minute treatment would be partially success- 


ful. since portions of the cane would harbor bacteria 
that would be subjected to less than a lethal heat 
results (Table 1] 


dosage. The confirmed the pre- 
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lictior fected by e lo-minute the pathological position of these Erwinias. but It has 
part te { eliminated by heen very ditheult Some of the isolates have become 
the 6 ' ivirulent: others react in) wavs not noted jn the 

The ette ‘ ! bie | ippeal or vinal des ription This phase ol the work {fs being 
somewhat =f ecaust rooting Was continued. 

poorer fi , eries than from several of Phere is close correlation between heat penetration 
ee jeer \I P. A. Chandler. of this through cane, thermal death point of the bacteriun 
Department 1 ot ymmercia ractice. have and eradication of the bacteria in infested cane. The 
found. howeve t ter treatment often stimu fact that cane diameter so markedly influences heat 
hatin eonite pathogens are ab penetration can explain some failures of hot-water 
cent Phi , f { ise here Rooting Was treatment reported with other plants In this <tudy it 
stimulated | the ¢ ( ewhatl irtailed by Was predicted and found true that treating cane 10 
the 30-min ite by the 60-minute 1.15 in. in diameter with 120°F for 30 minutes would 
treatment I f lack of control of be partially successful in eradicating the bacteria 
bacteria helow he ¢ e treatment and adverse Thermocouple measurements confirmed the fact that 
effects of heat treat t ve () minutes explains the ambient temperature of 120°F was not reached 
why all treat t ta n the ine ited series intil about 22 minutes after immersion Hence. the 
of Table | 0-minute treatment resulted in exposure of some of 

Caner — tions Step | All ob the bacteria in the cane to less than their thermal 
viously infested t ie i irded and the death point. Their survival was assured and the 
growing area d th stear rr other means pathogenicity tests confirmed it 

Sanitary practice e followed to reduce the The palliative control with Agri-mvecin 100. applied 
inoculum potentia as a cutting dip. was remarkable. The initial reeom. 

Step // \ Phir ropagatiol nust be im mendation was made as an educated vuess before the 
mersed 15 ty \ vein 100 (200 ppm) and exact cause of the disease was known. Two weeks 
rooted in st n a disinfested place after the treatment was begun the grower informed the 

Steps | and II luce reat portion of the dis tuthor with obvieus relief that an epidemic in whieh 
ease losse Ty P thous , survive. how he was losing about S400 weekly. had stopped “en- 

a nec follow the era itive pro tirely.” As detailed above. Agri-myecin 100° was not 
cedures of the ney successful as an eradicative treatment. and it was 

Step III. Select he ppeat ine 1.0-1.5 in necessary to develop other controls for elimination of 
in diameter. treat } wate tor 40-60 minutes thie pathogen. Department of Plant Pathology Uni 
rook tn steamed id fected green versity of California. Los Angeles 

house. and ! re { l tary leasures Phe 
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stumps. however. have been severely affected wi 


plum crinkle leaf each year. In 1954. scionwood frog 
affected orchard trees was grafted to 4 healthy Sant 
Rosa trees growing in an experimental plot at River. 
side. Growth from these grafts has perpetuated the 
disorder, but no transmission has been noted.  Syb. 
sequent attempts to transmit crinkle leaf through bud 
inoculations to healthy Santa Rosa nursery trees haye 
all failed. but growth from the inserted bud has always 
When buds were 


portions ot 


shown symptoms of the disorder. 


taken from healthy-appearing affected 


erchard trees and placed in young Santa Rosa trees 
no symptoms of crinkle leaf appeared in the test trees 


or in the growth from the inoculum buds. Since af. 


fected trees or branches are almost completely up 


fruitful. it has been impossible to determine whether 


this condition is seedborne 


Disevssion and conclusion. Of greater importance 


than the striking differences between the three de 


scribed crinkle leaf disorders is the over-all similarity 


of symptoms. especially the general sterility of af 


fected branches, the distortion of venation and leaf 


shape. and the failures in transmission 


Varving degrees of mosaic mottling. somewhat simi 


lar in pattern, are common in leaves of all three. In 
affected Santa Rosa plum trees are severely 


sweet cherry 


veneral. 

trees with 
Crinkle-leaf. 
more nearly un- 


dwarfed whereas prune ofr 
crinkle leaf show little or no dwarfing 
affected Santa Rosa plum trees are 
fruitful 


but some may set a small crop that tends to fall before 


Affected prune trees vary in unfruitfulness 
maturity. Crinkle-leaf-affected sweet cherries usualh 
set a few fruits, but these are small and pointed and 
ang with the apex out of line with the stem. The 
rare fruits that set on affected Santa Rosa plums are 
Leaf dis- 


tortion is more pronounced and striking on affected 


also small and pointed and hang off-center. 


ne and cherry trees 


Santa Rosa plum trees than on pr 


and is apparent from the beginning of growth: the 
initial leaves on affected prunes and cherries are some: 
times normal in appearance, 

Santa Rosa plum in general seems more completel 
and strikingly affected than prunes or sweet cherries, 
Prune: so is 


Crinkle leat is widespread in Italian 


crinkle leaf in sweet cherry. particularly in’ western 
United States. Crinkle leaf in Santa Rosa plum ap 
pears to be restricted to a few scattered trees in Cali 
fornia plus a few cases in the State of Washington 
(reported by E. L. Reeves in correspondence with the 
authors } 


Brooks 


showed that sweet cherry crinkle is 


The cause of crinkle leaf remains obscure 
and Hewitt (2 
both seed- and pollen-transmitted Since it cannot be 
transmitted through tissue grafts. virus must be ruled 
out as an etiological agent Environment ts ruled out 
by the occurrence on a variety of soils. in a variety ot 
climates. and in locations adjoining normal trees. The 
most plausible cause of the disorder seems to be 4 
instability in certain of the tissues. When 


erowth is afte ted 


genet 


these become api al the resulting 
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Where several varieties of a given host. such as sweet 


herrv. are affected, they may have a common factor 


for the genetic instability in their inheritance, but 
where sut h distantly related species as sweet cherries, 
wl ] 

prunes and Santa Rosa plum are affected. separate 
| ; 


nrelated factors must be postulated Although prune 


rinkle is known on several varieties of P. domestica. 
cl 

this is the first report of the disorder on P. salicina. 
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High-quality vellow dent corn was stored at moisture 
ts of 12-187. at temperatures ot 5-30 °C. not 
oculated and inoculated with different species ol 
storage fungi alone and in mixture. and tested at 
ntervals up to 2 years for percentage germination 
percentage of discolored germs, and number and kinds 
of fungi. Heavy germ damage (brown, decayed germs 
occurred in) grain inoculated with storage fungi and 
kept at 14 moisture content and 30°C tor 2 vears 
ind moderate to heavy germ damage occurred in grain 
ioculated with storage fungi and kept tor 2 vears at 
17-18°) moisture content and 10-15°C. Noninoculated 
) 


ntrols remained free of fungi: after 2 vears at 14 





0 


ture content and 30°C. germination was 88°°. and 


fter 2 vears at 17-18 


moisture content and 15 ¢ 
No brown 


nv of the fungus-free controls 


ermination was 96 erms developed in 


Deterioration § as 
ged by decrease in germination, increase in germ 
damage and increase in storage fungi was much greatet! 

ots of grade no. 2 corn from commercial bins than 
it seed orade cor stored unde! the same condi- 
tions. Injuries to the pericarp over the germ facilitated 


entry of storage fungi into the kernel. Moisture con- 





tent and temperature of the stored grain, the degree 
W t has previously been invaded by given 
species of storage tung. and pericarp injuries all act 
t gether to infl lence the rate of deterioration of a given 
t of corn stored under conditions that permit storage 
gi to grow 
Introduction. \ previous pape! ri summarized 
the effects of tungi on the deterioratior ot corn stored 
lor a tew months at motsture contents ot 12 Bo and 
temperatures of 5—-25°¢ [he present paper reports 


iddit onal studies on the factors involved in damage 


ised to corn by storage tung! 
Materials and methods.— Corn The seed quality 


rown at St. Paul 


Corn used in most of the tests was 
Minnesota Mature ears were harvested by hand 
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DETERIORATION OF STORED CORN BY FUNGI 


lvde M. Christensen 


dried immediately, shelled, cleaned, and kept undet 
refrigeration until used. When surface disinfected and 
cultured on various agar media Alternaria and Fusar- 
ium grew from about 1% of the kernels. but no storage 
fungi grew from them. Samples of grade no. 2 corn 
from a local terminal elevator were used in one of the 
tests: their storage histories were not known. 

Voisture content.—The moisture content of the 
grain, determined by the one-stage or two-stage air- 
oven method specified in Cereal Laboratory Methods 
(li). is given on a wet-weight basis 

Germination percentage.—One hundred kernels were 
placed on moist paper towels. and these were wrapped 
in waxed paper and kept 9 days at room temperature; 
verminated seeds were counted at intervals of 3 days. 

Germ color.—One hundred kernels were cut length 
wise through the middle of the embryo and examined 
with a stereoscopic microscope and with the naked eye. 
Germ color was rated as normal. ochre, or brown. 
Those rated brown corresponded to those designated 
in the grain trade as “germ damaged.” 
Fifty to 100 kernels were shaken 
sodium hypochlorite plus 10 ppm 


f ungus infection 
1-1.5 minutes in ] 
of Tween-20, rinsed in sterile water. cultured on malt 


agar containing 7.5 sodium chloride. and incubated 
5-10 days. and the fungi which grew from them were 
identified. For mold counts. 10-20 g¢ of grain ,(50 
100 kernels) were comminuted 1.5 minutes in a Waring 
blender containing 500 ml of sterile 0.2 agar in 
water. further dilutions were made in the same 
medium. l-ml portions of one or more suspensions 
put in each of 2 Petri dishes. malt-salt agar cooled to 
50-52°C added. and the dishes swirled to distribute 
the material uniformly. and incubated until the colon- 
ies could be counted and identified. These proced 
ures have been used extensively to determine the num- 
ber and kinds of storage fungi present on and in 
grains (2. 4. 6, 7). 

Preparation of samples for storage Portions of 
1000 2 of corn were shaken 1-1.5 minutes in 1% sodi- 
im hypochlorite solution, rinsed twice in sterile water. 
placed in sterile paper bags. and dried at 30°C in a 
forced-air oven. Moisture content was determined, 


and sterile water added to attain the moisture content 








PHYTOPATHOLOGY 





Vol. ST) 


Table I. ent 1 ¢.) and temperature on germination, germ discoloration, and fungus 
1siO! 1 inoculated with a mixture of Aspergillus and stored vears.* 
Surtace-disintected 
Discoloration kernels vielding 
I 1 { 4. 
(,erminatior Brown Ochre glau andidus flavus 
Or : 
ne , f Of 0 0 4} t) 6) 
f YW) ) () sed ( 0 
) 1 () LOO () 0 
LOO D 0) ) 0) 0) 
LOO ) ) () ) 0 
f LOO 0 0 () 0 0 
Origina 
f { {} { ) t) 0 
) » ‘ hoo () 0 
0 6 94 2 16 
Not OO 0 12 ) 0 
() fy 28 0 0 
YA () {) fy () 0 
\ ( 
(mc it ind the grair Kept several for 2 vears. 62 of the kernels vielded 4 repens and 
days in f f eltrigerator and shaken ov the germination was 06 the germs of a number of 
casionall ture uniforml Portions kernels were off color but none were dark enough to 
af 250-500 wed it iutoclaved pint of he rated either ochre or brown 
quart Ma f vith rubber rings and The results of storage for 2 years at m.c. of 16 and 
screw caps d. and stored in incubators. In 18 and 5. 10. and 15 € are given in Table 1. The 
some tests is added: the corn with or m.c. of all) samples decreased slightly during the 
without pre ina face disinfection was placed — storage period, The corn at 16 m.c. Was invaded 
in open dishe ited salt solutions in desi only by members of the 4. glaucus group: no germ 
cators and a me t equilibrium m discoloration was evident in the grain stored at 5 and 
Inoculum n te ir pores of the various lO ¢ but 3¢, of the kernels at 15 Chad. ochre. 
storage fungi tha é solated from commercially colored) germs. The noninoculated grain remained 
stored corn and grow yn autoclaved wheat free of fungi, retained a germination of 100°, and 
Results. lr f ; seed gua f orn witli developed no discolored vers 
mixtures sf ne Sample of seed quality Stored at 18* m.c. for 2 vears. 100°; of the inocu 
corn prepared ed above were adjusted to lated kernels were invaded by fungi. even at 5°C 
moisture content 14. 16. and 18 inoculated although no germ damage developed at that tempera 
with a mixtt f Aspergillus amstelodami ture. {. repens was the main or only fungus re 
(Mang ica s (Cda DeBary. A. ruber covered from the surface-disinfected kernels after 
(Spiek and Br a these 3 are in the { thev had been stored at 5 and 10 ¢ but 4. candidu 
glaucus f s Lin f s Link evrew from 52°) and A. flavus from 16°) of the surface 
and A W tored at irious tempera disinfected kernels after storage for vears at 15°( 
tures and t Phos 12 and 14 In the sample at 10°C 12° of the inoculated kernels 
m.c. were st tures of 5. 10 >» 20. and had brown germs. and at 15°C 68 of the inoculated 
5°C. while t ( 118 é tored only kernels had brown germs and the germination was 
at temperat ) nd 15 °¢ ’revious tests Zero The noninoculated corn stored at 15°C and 
7) had show tored a of 16 and 18 m.c. (final m.e. 17 germinated 96°, and none 
18 ind é 1) and ( il of the of the germs was discolored Typical seedlings fron 
fungi a ills tensive ae the noninoculated sample are shown in Fig. 1. This 
terioration < Hen in the present is rather convincing evidence that. in the absence o! 
tests only ( t ind tempera storage fungi. corn stored at 17-18 m.c. and 15° 
tures were ed expected to span the range will not deteriorate appreciably in 2 years 
hetween low et tio i J-veat period Inoculation of seed quality corn with members 
The I ind 5—25°C. retained a the A. glaucus group In the test described above 
germination » vears That stored {. repens invaded some of the corn stored at l4 
at 14 n erature 20°C germi m.c. for 2 years \ similar test was made. with cor 
nated almo ( 4 ears houg i few prepared as above and adjusted to a moisture content 
kernels of 1 ind 20 C were invaded of 14 inoculated with spores of 5 common members 
hy 4 \ ft e at 14 ind 25° of the 4. glaucus group. stored at 20 and 30°C and 
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16 and 
The 
ig the 
ivaded 
) germ 
> and 
ochre Fig. 1. Germination 96% in corn stored 2 years at lo © and 18% moisture content 
nained 
" tested after 2 vears. The results are given in Table 2 erain inoculated with A. amstelodami to 90°. in that 
\ considerable number of the kernels stored at inoculated with 4. ruber. and 98° in that inoculated 
inocu 20°C were invaded by the different fungi, but germi with A. chevalieri \ typical example of mycelium 
to tion percentage was not signil intly reduced and vrowing from a discolored germ is shown in Figure 2 
npera- rown germs were detected. Stored at 30°C for 2 The noninoculated grain stored at 14 m.c. and 
oaths vears. however. the germination percentage ol kernels 30°C for 2 years retained a germination of 88%, and 
alter lated with 4 of the 5 species of fungi was reduced had no discolored germs This again is convincing 
nididu zero. while the percentage of discolored germs evidence that high-quality corn in the absence of 
irface ind ochre together) ranged from 6 in the storage fungi will not undergo much deterioration 
15° 
rne Pahle 2._Effect of different members of the Aspergillus jucus group on germination, germ discoloration, and fun 
ulate “hol ~¢ l-orade vellow dent rn stored 2 ears at 14 nomtul conte ind 20 and 30 ( 
n w 
an surtace-disintected 
| n iv pe ( nina I vel s discolored kernels vie lding 
tror ( Br ! () inoculated species 
nee { 2) 0) ( Hh 
ib { 9 0) 6 14 
{ 0) 4 | Of 
{ ”) y {) ) 2 
ers { ( 6 (2 
above { ) () 22 
{ y f 7) 
14 , 9 () 
abies, 
onter 20) 4) () 
mibe \ () 
Le } f { 
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the results of storage at only | moisture Content 
(15.5-15.7% ) and 1 


because that is where the differences in 


storage period (8 months) are 


viven fermi. 


nation percentage and in percentage of discolored 


verms were greatest. 


corn stored at 15 


was reduced considerably in 4.5-16 months. 


The germination 


and 20 °¢ 


percentage of 
ochre-colored but none be. 
1. flavus 


Was reduced some 


and some germs became 


came dark brown. The corn inoculated with 


and stored at 16°) m.c. and 25 ¢ 


in germination percentage. and 2° of the kernels 


developed ochre germs, but this probably was due to 
contamination by A. repens, since A. flavus was re. 
only 3°% of the 


Table 1. as 


indicate fairly conclusivelw that 


covered from 
kernels. The 


t vidence (‘i> 


surtace-disinfected 


data in well as previous 
1. flavus 


cannot invade corn with a moisture content less than 


about 18 In the corn stored at 15-17) m.ec. and 
OC. the germination percentage after 6-16 months 
Was zero, even in the noninoculated controls. No 


discolored were detected in the controls, but 
from 40 to 92! 
together) in the samples inoculated with the different 


and 20°C. 4 


germs 


ranged (brown and ochre germs 


fungi. In corn stored at 15.3‘ m.c. 





1 sectioned corn kernel cultured on malt-salt agar. The corn 
at 14° moisture content and 30 ¢ No sporophores ot 
ige for 2 vears, but the germs were heavily invaded by A 
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‘ 3 . 
Table 3. Influence of moisture content, temperature, storage period, and species of fungus on germination and germ 
a 
ration f stored vellow dent corn inoculated wit! {spergi § 
Moisture surface-disinfected 
ntent Temperature Months Germination germs discotored kernels vieldine 
, it ! (~{ stored Brown Ochre fungi inoculated 
{ ) 20 4 LOO ‘) ‘) 100 
15.7 40) 8 ) 0) 1) 100 
1 f 6 ls 6 100 0) 0) 0 
a 25 fy 82 0 4 8 
] lo ho 6? ( Y LO 
18 25 15 0 Q4 9 100 
{ restr & 20 lf } 0 f 100 
lo.4 0) 16 0 BO fy 100 
i 1.1 2 9 ‘ 0) ; 100 
1.3 ) 9 0 0) 26 100 
16.7 20 6 na) 0) %) 100 
16. 0) f 0 s) ri lOO 
Not ‘ 15.0 %) y y 0) ) () 
1o.0 0 y 0 ) () 0) 
16.8 20 fh Q5 0 0) 0 
16.3 54 6 () 0 {) 0 
Surface-disinfected kernels vielded A. repens, which evidently entered as a contaminant 
est is in 16 months reduced the germination to likewise greatly affect its storage behavior 
18°,. and 6 of the kernels developed ochre germs Deterioration of commercial lots of grade no. 2 
while in the corn at the same moisture content but = corn compared with that of seed quality corn.—Some 
at 30°C. 86 of the germs became brown and 6 evidence already has been presented (7) to. show 


In corn stored at 18°67 m.c. and 15°C. A. flavus 


while at 
No dise ol red 


even in 


produced no brown germs in 4.5 months 


56°C 94 of the germs were brown 


germs were detected in the controls. those 


stored at 30°C in which the vermination was reduced 


to zero. Evidently a temperature of 30°C is lethal to 


-ome a motsture content o 


Fable 2 


fungi tor 2 vears at 30°¢ 


corn stored months at 


15% and above. although (see corn stored 
at 14 m.c. and free of 
decreased little in germination. The development of 
the dark color typical of germ damage appears to be 
infection by storage molds and a tem 
ibove 20° ¢( All of 


considered together if one is to evaluate the deteriora 


a produet of 


perature these factors must be 


tion risk to which a given bulk or parcel of corn is 


likely tor [pe 


conditions 


exposed under a given set of storage 


As will be brought out in the next section. 


th 


ie condition of corn as it goes into a given bin may 


Table 4.-—-Germination, germ discoloration, and fungus 


seed-grade vellow dent corn stored 2 


corn and | sample o 


(,ermina I 

Sampie Months stored ( Bre 
Clon cl. A () () 
7] }*) 

| | 
(Lom > \) 62 

y 

] ) 
{ ( 0) 1 
) al 

| ( ‘ 
ser Gg {) {)} 
) 
} HU 


d 4 months at 16 moisture 


that commercial samples of grade no. 2 corn deterio- 
rate more rapidly than seed quality grain when stored 
under the same conditions The same has been shown 
8) In the 


sample s of 


to be true of wheat 
ported (7) the 


tests prey iously re 


grade no. 2 corn from 


commercial bins and the seed quality corn with which 
stored for 30 days 


they were to he compared were 


at 18° m.c. and 25°C In the present tests the same 


lots were stored at 16°) m.c. and tested after 2 and 
results are given in Table 4 


After 2 months the 


! months. The 


germination percentage of the 


§ commercial samples ranged from 1 to 12 and the 
percentage of discolored germs (brown and. ochre 
together) ranged from 16 to 46% The seed quality 
corn germinated 98°7, 2 of the germs were ochre 


After 4 
samples 


from 42 to 


colored, and none ot the verms was brown 


months the germination of the commercial 


Was ZeTO, and discolored vermis ranged 


ision of 3 commercial sa nples of grade no vellow dent 


content and 25 ¢ 


surtace-disinfected 


kernels vielding 


Mold count 


rms discolored 


Ochre {spergi ¢ giaucus (tho sands} 
16 10 7.5 
14 80 60 
26 100 142 
1] * 11.5 
8 100 50 
1h lOO YAU 
22 1h 81 
1a) 0) 700 
Tal loo 1POO 
0 1 } 
2 | 18 
14 Oo Q? 
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ind fungus invasion of ellow dent corn pos 
ed 2 onths at 85 relative | idl and » f 
surtace-disintected Mold Count 
re!s vielding the ands) 
I 1 {. gla { a { Lia 
«Y 100 2 + 
OO Ii 740 
} 2} Loo 200 260) 
| Ww) ao PAL) 


ind the mold count 2-3 times as great. We conelud 
trom this that cracks, breaks or scratches in the peri- 
carp over the germ furnish a ready entry port for 
the storage tung kvidence not pres¢ nted here ind) 
cates that if the pericarp of corn kernels is unbroken 
storage fungi grow into the germ through the point 


of attachment. and almost only there. much as tl 


tiley 
enter cottonseed (3). The pericarp itself appears to 
be very resistant to penetration by storage fungi: this 
is obvious, of course, in the commonly encountered 
condition Known as “blue eye.” in which fungi that 


have invaded the embrvo produce masses of spores 
beneath the pericarp and yet do not sporulate on the 
outside unless breaks in the pericarp allow the spores 
to CTOW out 

Discussion. The rate at which corn dete riorates i 
storage is influenced greatly by a number of factors 
of which the most important appear to be moisture 
content. temperature, the kinds of fungi involved. the 
length of time and rate at which the fungi grow. the 
condition of the grain. and the number and perhaps 
location and severity of injuries in the pericarp of 
the corn kernels. These factors operate together. at 
least in corn as it ordinarily is encountered in con 
mercial storage, and so must be considered together 
This probably explains why some lots of corn can be 
stored at a moisture content of 13-14 for several 
vears without an appreciable amount of germ damage 


developing while in others. stored at essentially the 


same moisture content and temperature. extensive 
germ damage occurs: or why some corn bulks stored 
at I5 m.c. and 50°F retain for a long time the same 
condition as when they were binned. while others 
ifter a short time undergo molding and he iting. 


The lowest moisture content at which storage fungi 


invaded the corn and caused extensive germ damage 
In the present tests was 14 and then only when the 
mm was stored at 30°C for 2 vears However. the 
rn used in these tests was of seed quality: had 
samples of grade no. 2 corn from commercial bins 


been included, it is possible that fungus invasion and 


damage would have occurred at a temperature lowe! 


than 50°C or at a moisture content lower than 14 

(Also. when these tests were begun {. restrictus had 
ot been encountered frequently on stored corn and 
so it was not included in the tests that extended over 


vear period. 4. restrictus has since been found 
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ate, » prevalent in some bulks of corn that have bee 
sored for a year or more and we have tound it heavily 
vading, as lost a pure ¢ ulture. and causing heavy 
el damage some tens of thousands of bushels of 
s rn stored t oisture content tron ist below to 
, ave 14 Nlore extensive tests are needed with 
liferent isolates | { restrictus, to determine the 
wel ts of isture content and te perature il 
w hie this species will cause comme! ily important 
mae 
Temperature Is just as important as motsture con 
trent in determining the amount ot damage likely to 
develop in stored corn At 16 m. no damage 
tide developed in 2 vears In seed quality corn inoculated 
ey witl i nixt t | storage fungi and Kept at 15 ( 
lor below Ar 17-18 m no damage developed i! 
nd) e corn stored at o © tor ? vears. although the grait 
ey vas invaded by members of the A. glaucus roup 
vit 4: 10 and 15 C extensive damage developed in 2 years 
hey The corn tree of storage Tungi retained a germinatior 
f 06°) after storage for vears at 17-18 m.c. and 
his 4 stored at 14 m.c. anc 30°C) tor 2 vears it 
ré tained t ratior ot 88 No Drown germs ale 
lat eloped in anv ot the tungus-tree controls at anv of 
res the moisture contents and temperatures tested 
he e samples of grade no corn from commercial 
res ~ deter ited much more rapidly at 16 m4 
n did the orn if seed quality This probably 
i etie ted thie leuree to which the samy les of grade 
rs ' corn had been invaded by fungi during their 
re storage life. and possibly also the extent of pericarp 
he ries \s shown previously 7) in tests of about 
ne 50 different commere ial lots of corn. many had undet 
Is one some deterioration during storage Given con 
at litions Tor additional deteriordtion suc lots will de 
il » more extensive germ damage ind do se more 
lv. than will really sound corn 
i 
ADDITIONAL EVIDENCE THAT 
‘ IS A STRAIN OF 
‘ W. H. Sill. Jr.. S. B. Lal. and 
; K Live \ late Plant P vis nd former 
( R \ssistants. Kansas A tural Ex 


\ i UF; 
{ Depa ‘ B ind P il 
! y Ka = Ag ra Ex = Mar 
| ) “Tila I i } 
st VIMARY 
‘ At les were characte - electror 
graphs le from semipurified leaf extract pre 
ons of cco plants. Nicotiar 2. arti 
Aity t wil hie -weetpotat . \ l= 
1 
SM\ e particles appeared to be essentially 
i ' | ! 
I orphologically with tob malic Virus 


TOBACCO 


1 TOBACCO MOSAIC VIRUS 709 


The major cause of erm damage in corn in ordi- 


commercial storage is the invasion of germs by 


ungi. The dark brown germs typical of so 


germ damage encountered 


many cases ot in commer- 
( ial lots ot corn appear to bye produc ed mainly by a 
combination of invasion by anv one of a number of 


-~loradve 


fungi plus a comparatively high temperature. 


\ Know ledge 


on the part of grain men of the degree 
1 invasion of given lots of corn by these storage fungi. 


as well as more accurate knowledge of and_ better 


control of both moisture content and temperature in 
bulks of stored corn would aid greatly in reducing 
or avoiding losses caused by storage fungi.—Depart- 
ment of Plant Pathology and Botany, University of 


Minnesota. Institute of Agriculture. St. Paul 1 
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SWEETPOTATO MOSALE 
MOSAIC VIRUS 


VIRUS 


Maria Salome E. del Rosaria 


Phis en the SMV 
was overlaid with antigen It thus appears that 
SM\ rMY\ related lly, the 


rst probably i strain of the se 


ilso true w antiserum 


rM\ 


are 


resulted was 


and closely serolo | 


nd 





Elmer (1, 2) presented considerable evidence (host 


inge. comparative symptoms, cross-protection data, 
ind some other characteristics that sweetpotato 
Osdl is caused by a strain of tobacco mosaic virus 
MIN Phese serological ind electron micros opr 
studies were conducted to obtain additional evidence 


Materials and methods. — [n 


the electron microscopi 

study. sweetpotato mosaic virus SMV from infected 
tobacco plants. \ y tabacum L. var. Havana 38, 
vas furnished by Dr. O. H. Elmer or was obtained 
on pl ints inoculated vy the authors with techniques 

escribed by Elmer 2 Leaves were removed from 








Fig. 1.—-Electron micrograph of TMV-like particles, 
which were characteristic of all sweetpotato mosaic virus 
preparations (chromi idowed 29,000) 
the diseased plants. frozen. and ground thoroughly 
with enough distilled water for a 1:10 extract) by 
weight. These extracts were usually frozen overnight: 
after thawing at room temperature. they were centri 
fuged 30 minutes at low speed (3500 G) Phe coarse 


pellet was discarded and the supernatant was cen- 
trifuged 3 hours at 40.000 G a Servall vacuum-type 
angle centrifuge. Type SS-2. Several series of alte 
nate low- and high-speed centrifugations were used 


occasionally. but the single series was usually sufficient 


to obtain satisfactory semipurified preparations Phe 
supernatant was then discarded. and the virus-con- 
taining pellet remaining in each tube was resuspended 


in either 1 ml of distilles or O.1W neutral phos- 
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phate buffer. These resuspended pellets were Occasion. 


ally lumped and recentrifuged 30 minutes at Joy 
speed (3500 G). but the resuspended pellets usually 
were already clean enough to be used in electron 


microscopic preparations. 

This resuspended pellet virus preparation was then 
sprayed in a fine aerosol mist by a DeVilbiss glass 
nebulizer no. 40 onto electron microscope vrids covered 
with a film of 2©¢ parlodion in amyl acetate. A micro. 
pipette was occasionally used instead of the nebulizer 
to place a small drop of the virus preparation on the 
grid, but the aerosol technique usually produced bet. 
ter grid preparations with better distribution of par. 
ticles. After 
chromium at an angle of about 15 


the grids were shadowed with 
alter 


drying. 
which they 
were examined in an RCA-type EMU electron micro. 
scope. In each of 8 trials. control preparations from 
healthy tobacco leaf were also prepared tor examina- 
tion, using identical techniques. 

In the serology tests antiserum was prepared, using 


standard serological procedures. by injecting antigen 


(the semipurified SMV preparation described previ- 
ously) intravenously into a rabbit every oth day for 
1 month. After 10 days the blood was collected, 


coagulated 4 hours at 37°C. and stored overnight in 


a refrigerator. The serum was then removed with a 


pipette and centrifuged at low speed to remove any 
This SM\ 


tor 


blood cells and their fragments. antiserum 


was then stored in the refrigerator future use. 


The familiar precipitin ring test was used in 3 trials, 


with micro test tubes and micropipettes. The antisera 


were placed in each tube first and then carefully over- 
laid with a fixed amount of antigen of a given dilution. 


(Antisera were undiluted in each test. whereas the 


antigen (either the semipurified SMV preparations 
previously discussed or a TMV antigen obtained from 
Dr. Ellen L. Moorhead. University of Nebraska) was 
diluted serially in 2-fold dilutions 

Results.—Fig. 1 shows the type of rodlike particles 


characteristic of the virus preparations as seen under 
the electron micros¢ ope. These were never seen in the 
control preparations. The particles varied from about 
100 to 5000 A long (mean close to 3000 A} and were 
10829 


create! 


This diameter is considerably 


listed for TMV (3) 


A in diameter. 


than that usually but can 


Table 1.--Precipitin rit sts showing a se serological relationship between sweetpotato mesaic virus and tobacco 
mosaic Virus 
Antiae intiserum combinations 
Antiger (nt S\IV Antigen-T MIN Antigen-healthy tissue Antigen-Saline 
dilutions \ PVIN Antiserum-S\VIN Antiserum-S\I\ Antiserum-SMV 
1/10 
1/20 
1 40 
1/80 
1/160 
1/320 
1/640 
Antisera were undiluted in all tests. Antigens were diluted to compare flocculation characteristics of different antr 
sera. All dilutions were in physiological sa'in “ indicates flocculation or a positive ring: “indicates no fleceu- 


lation or ring. 
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1960 BANCROFT ET Al 


October 


lor (Prot. { niversityv of 


yccounted Paul Kaesberg 
W jsconsin personal communication) by the tendency 
i> ’ , 
¢ chromium to deposit in| mu h thicket 


lavers than 


other common heavy metals used in sl! idowing virus 


articles 
Aliquots of each Virus preparation tor the electron 
microscope were ised for infectivity tests on Havana 
18 tobacce In the 8 trials each virus perparation was 
ene ae roduced symptoms on tobacco indis 
ishable ir the orteinal SMV) symptoms de 
« J ed bv Elmer (1. 2 None of the healthy control 
eparations were infectious 
n the serological tests. antiserum prepared by the 
ithers was ired in 3 trials with the TMV anti 
serum Obl ed from Moorhe id 
Results of a typical trial are presented in Table 1 


PROPERTIES OF 


J. B. Bancroft. a. Tui 


SUMMARY 
The Indiana isolate of white clover mosaic virus Is 
anically transmissible to 26 species in 5 families 
tains its infectivity at dilutions up to about 
1«10-". at temperatures (10-minute exposure) up to 
ibout 75 C. and for about 2 weeks at 20°¢ 
and infective at pH 5.0. and can be purified 


It re mains 


n solution 


{ 


hy differential and density-gradient centrifugation. The 


virus particle is a moderately flexuous rod with a 


} -—- 
h of about 477 mu and a 





probable lenet iniform width 
of about ]5 ! 

The virus to be described was isolated in Indiana 
from white clover (Trifolium repens | showing 
chlorotic mottle and strea!s Indexing tests indicated 


that it was different from legume viruses commonly 
ound in this area. and studies (4) showed it to hye 


lv related to isolates termed as white ¢ lover 


sale) VITUS s 8. 12. 14).' The relation of the 
present isolate to the unobtainable legume viruses 
listed in the older literature (9, 10. 11. 16) as white 
clover mosaic virus or strain is uncertain. This papet 
lescribes the host range. properties, purification. and 
norp ology I the Virus Results have been abstracted 


Materials and methods. — [Infected bean 


dgaris L. var. Bountiful since it supports a higl 

meentration of virus. was used as a virus source for 
\ . il “ub pub il 

ere app article Fry. P. R.. R. Groga 

WwW | ttle QA) P} a 1 and 1 properties t 

rus Phytopathology (9-177 Tests 

i i is kh div pr fed Pp fessor R (, 
(,rogar ! i 1s e s gica r 


WHITE CLOVER 
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When SMV\ 


d 
}) 


PROPERTIES OF WHITE CLOVER MOSAIC FROM INDIANA 711 


t the various ‘dilutions. A positive ring flocculation 
curred in all dilutions up to 1:320 but not beyond. 
antiserum was overlaid by the various 


ilutions of TMV antigen, 
ecurred in all dilutions up to 1:80 but not beyond. 


a positive ring flocculation 
he saline and healthy tobacco plant antigen controls 
dilution.—Depart- 


Kansas State 


roduced no positive tests at any 


rent of Botany and Plant Pathology. 


Manhattan 


niversity 
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IOSAIC VIRUS FROM INDIANA 


te. and G., Hissone 


i 


uurifeation studies of white clover mosaic virus 


WCMV) Phe 


ontained about > times as much virus as did the 


upper systemically infected leaves 


irimary leaves. The upper leaves were usually frozen 


and then macerated in an e jual weight of water Phe 


t 


T 


| 


acid, After standing 4 hour at 4°C 


I 


at 10.000 rpm in a Spinco Model I 


per 100 ml ot either 0.01M pH 


l 


xpressed sap was centrifuged 10 minutes at 2000 
pm in an Adams Safeguard Centrifuge and the super- 
latant was adjusted to pH 5.0 with 10° (V/V) acetic 
the material was 
entrifuged as before and the relatively clear super 
yatant was further clarified by centrifuging 15 minutes 
Preparative Ultra- 
from this step, either 


entrifuge The supernatant 


) 


lirectly or following 1 or 2 eycles of differential angle- 
lead centrifugation. was subjected to density-gradient 
ite-zonal centrifugation (5) for 2 hours in an SW 
5.1 retor at 24.000 rpm 
m columns that had stood overnight at 4°¢ 
1. 7. 7. 7 ml of solutions of 10, 20, 30. 40 g¢ sucrose 
buffer 


The final temperature of the dens- 


[wo-ml samnles were used 


containing 


7.0 phosphate 
r O.O1W Na.SO 
tv-gradient tubes after centrifugation was about 18°¢ 
The visible virus zone as well as the regions immedi 


itelvy above ind helow were removed from the tubes by 


bent hypodermic needles attached to syringes The 


samples were examined semiquantitatively for intec- 


tivity and 


serological activity. and qualitatively for 


particle type in the electron microscope 


‘ 
‘ 


} or 12 half- 


made on the 


The infectivity tests. involving either 


leaf replications per treatment. were 


primary leaves of Bountiful bean. The development 
lesions was sometimes erratic if the plants 
were left in the greenhouse at 70-80 F under davlight 
For best result. the plants were held 1 day at 90 k 


inder artificial light about 3 or 4 days after inoculation 


tf necrotht 


The virus used as antigen was prepared by acid 


clarification followed by two evecles of centrifugation 








Table I. 


Host 7 
CONVOLNVLI 
Ire 


ymnoead 


HYTOP 


ATHOLOGY 





Reaction on 


System) 


inoculated leaves 


reaction 


ar Ll 
CUCURBITACEAI 
Citrulls - 1) e Oue L | rl 
Cucumi at i Nal I r ( Market eT LJ] 
Cucurbita pe | ? 1] 
( pepo | i Zu I LI 
LEGUMINOSALI 
(.yamopsi ] II r 
Crotalaria pecta | 1] + 
Glycine ma | \ (; LL] 3" 
Vedi ag + 
V upulina | T 
Melilotus alba 1 ’ mae , : 
Phaseol t £a Hbountitu | il Refugee Kentucky Wonder. (,reat 1] 4 
Northerr ( nter }? ' B Va ' 
P. lunatus | H Bust j 
P mungzgo | 11 
Pisum sativum | irs. P W \laska, Loyalty, Perfection, Canning King : + 
Trifolium hyl | rn 
T. incarnatum | n 
] pratense | K + 
7 repens | ind ] i L1Ld f¢ 4 La bos + 
Vicia faba | i hur I \W r r 4 
Vigna siner lort - i B k | | 1 
SOLANACEALI 
Datura ini \I 1 | 
D. stramor | | 
Lycopersicor I P & Purdue 6] s s 
Vie olttana ~ ( ‘ | | 
PROPAEOLACEAI 
Tropaec ; | { is ( = “4 
LI desigt I lated leaves 
designates \ t the e imndexe n Bountiful bean, with negative results 
designates al t I I ! i calized lesion 
‘ designate 
\ rabbit. previou rmatl serun Nas In were sprayed onto collodion-coated orids with nebul 
jected intraveno l-da te ils) with izers. The grids were shadowed with chromium and 
0.4—0.8 ml of abo | rus preparation that) examined in an RCA EMU electron microscope. Par- 
had been stored by fre neutral buffered physio ticles were measured through a calibrated binocular 
logical saline Phe 1 4 days after the dissecting microscope 
last injection The ant id a titer of 1/512 Ultraviolet measurements were made on a Beckman 
against virus. and one > against healtl plant DU spectrophotometer. Corrections for scattering were 
material as measured ensitive interfacial ring made by the Raleigh rule (13 
precipitin techy rd tube ecipitin test Results and = discussion... Transmission and host 
showed a tite I nd | 4 against Inge Phe virus was easily transmitted mechanically 
healthy plant > t itor virus Merely rubbing intact bean leaves together transmitted 
or related prote . n ntise dilu the virus from bean to bean Tests with Cuscuta sp 
tions of 1°50 for t , 1 | 128 tor the ring indicated that dodder transmission is rare. if it occurs 
test. Knowt ( ( from it all In tests with 14 plants. 1 virus transfer may 
density-gradic ! flered luive on irred. but confirmation was prevented bv 
saline overni (4 10 1 (] were ( cle ith of the red clover host plant hefore a -econd 
acted against t Cl} ndeximg Bos et al (3 demonstrated dodder trans 
tin test ssion of a WEMYV isolate serologically similar to 
Pre parations t leLonize ite! ar ours. whereas Scott and Gold | | ) Te ported none with 
2? davs at 4 ¢ vit f itex sphere lded inother isolate (AC-18] ATCA. ed. 2 in the same 
Fig. | Re . us, A) Systemic symptoms r aris var. Bountiful. 
B) Locali | iry leaf. C) Localized reaction on D. stramonium. D) Localized 
reactior mn | I » | i ed rea noon cotvledon ot ¢ i/garis vat Dixie ()ueen, F) 
Localized at q,) Ss ¢ symptoms or ] e var. Kenland 
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Table 2..-A i iril y ethods tor white clover mosaic virus from trifoliolate leaves of bean. 


Virus zone intensity 





Local lesions in density-gradient 
Method Clarification per 8 half-leaves rate tube 
none slight 322 not tested Fr 
Heated at 40° pH good 201 moderate’ rf 
Cooled at 4°C. for 3f H 5 good 2g? strong” \j. 
(hlorotorn good l6 none’ R 
‘Expressed sap fr t ie diluted of water and centrifuged 15 min, at 10,000 rpm in No. 30 rotog 
All preparation tI th ste] 
(Concentrated at 39.000 rpn N 10 rotor,brought up in O.OLW NaSO,, centrifuged at low speed, and 
then placed or VW Na-SQ u f rate density-gradient centrifugation for 2 hours at 21,000 rpm jp as 
No. SW 25.1 
serogroup. No s ssion with bean or seed — later systemic development of symptoms. Single lesjons 
transmission with Med pulina L. could be taken from morning glory and transferred to bear 
demonstrated. Extensi trials with Macrosiphum pis produced both types of symptoms. as did single lesjons rt 
Kalt. and 4) . w (, el volving fasting from Nicotiana sylvestris Speg. & Comes and single. a 
various intectior ind t rleeding times, and various lesion and tip-leaf isolates from bean 
hosts (all indexed o 4 tul bean were negative Twenty-five species in 12 families failed to become ; 
The host-range studi wed that 26 species in 6 — infected by the virus. An average of 18 (range 7-30 
families were suscept tne virus ible | Fig test | lants per species were ino ulated. (ll plants 
1 shows some tic symptoms that help were indexed on Bountiful bean. with negative results , 
differentiate the i WCEMYV fro other legume The insusceptible species are {maranthus retroflexus ‘ 
viruses and other stra L.: A. tricolor 1. var. splendens Bailey: Antirrhinun 
The symptoms var th various temperatures majus L.. vars. Rust Proof and Rust Proof Maximun 
Phe localize ¢ t vere issociated with a Giant Flowered: {pium graveolens | var. dulce Pers 
vars. Giant Pascal and Easy Blanching: Beta vulgaris 
1.1 L.. var. Detroit: Brassica oleraceae L. var. capitata | | 
var. Danish Ball Head: Callendula officinalis L.: Ca 
Te) = listephus chinensis Nees var. Giant Branching: Capsi F 
A cum frutescens \.. var. California Wonder: Chenopod 
um amaranticolor Coste & Reyn.: Eschscholzia ca 
O0.9- fornica Cham.: Gomphrena globosa 1..:; Helianthus 
gigantus L.: Matthiola incana R. Br. var. Bismark 
O08 Large Flowering: Nicotiana glutinosa L.: \. tabacun 
| L.. vars. Wis. Hav. 38 and 423: Petunia hybrida Viln 
o7-L | var. Celestial Rose: Phaseolus coccineus L.: Ricinus | 
: | communis L. var. Zanzibar: Sida spinosa L.: Solanum 
| lJensis L.: S. melongena |. var. esculentum Nees 
0.6 ) var. Black Beauty: S. nigrum L.: Tetragonia expansa 


B Murr.: Zinnia elegans Jacq. var. On Parade 

Re attonship ot ; isolate s of the rirus. Bos et 

+) showed that isolates of WEMYV from this country 
4 \ Canada. Holland. and Germany were serologically re 


OPTICAL DENSITY 

O 
On 
T 

‘\ 
\ 
} 

4 


0.4 nN \ lated. Cross-protection tests involving Bos’ and Scott 
\ and Gold’s isolates as the established virus and wit! 

O.3- the Indiana isolate as the challenge on bean supported 
\ the serological data. In the cross-protection tests 

0.2 \ Bos’ isolate gave partial protection to the local lesior 


produced by the Indiana isolate on the primary leaves 


of bean and complete protection against the systemi 
OlF “i 
\ symptoms consisting of death of the primary leaves 


necrotic stem lesions. and severe necrosis and inward 








1 it 1 il t 1 1 


230 240 250 260 270 280 290 300 — u ot the trifoliolate ov Ree Lpren al CTOs 


absorption tests showed no differences between these 


WAVELENGTH IN Mu two isolates (4). Scott and Gold's isolate. whic h is 


serologically related to but distinguishable from the 





‘te, 2.—Ult et a a oi : 

Fig. 2. : b a “ty Indiana strain (4). gave no protection against the local 
purihed virus preparatior i tissue fore density | - 
radient B) t fter reactions, but complete protection against the system 
gradient pre] n afte 


density-gradier ent ones 
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action, and particle type 


Predominant 


Relative Serological partick 
IVvities reaction ength (mu?) 


7 150 
14.5 150 
12.0 150 
same relative position in each of 14 experiments All den 


in an SW 25.1 roter. 
ents were given the same weight, and variation is expressed 


260 Miya 
tent of about 8°) (FE | 


a 


1) my 


The depth of the top of the visible infectious zone 


irom the meniscus of densitv-gradient tubes averaged 


22.5 mm after 2 hours at 24,000 rpm at a final tempet 
ature of 18°C. The zone was sharp and easily identifi- 


able in clarified preparations and in those which had 
first been concentrated and suitably diluted The 
respective depths after 1 and 3 hours of centrifugation 
were about 13.2 mm and 30.0 mm. The isolates of Bos 
ind Scott and Gold behaved similarly. The virus sedi- 
mented much more slowly than bean yellow mosai 
virus and red clover vein mosaic virus. both of which 
reached depths of about 30 mm below the meniscus 
after 2 hours of centrifugation under the same condi 
tions. An analytical centrifugation observation kindly 
made by Dr. J. Kellev. of about a 0.5 solution of 
WCMVYV in 0.01M pH 7.0 phosphate buffer at 22.6°¢ 


showed an S 111. 


Relationship of infectivity and particle type Table 
> shows that. in contrast to the region immediately 
above the visible zone in density-gradient tubes. the 
isible zone and the region below it were highly infec- 
tious. Further down the tube (around 30 mm). infec 
tivity was low. Visual observations indicated that there 
Was more virus protein in the visible zone than in the 
regions immediately adjacent. The serological reactivi 
ties in these areas varied. but generally confirmed the 


visual observations. the average ratio of above-zone: 


zone: below-zone being respe tively about | > 7 These 


data cannot be used to express specific infectivities, 
however, because it cannot be assumed that different 
particle tvpes have equal serological reactivities It 
can only be said that the protein in the different areas 
is serologically related 

Electron micrographs of particles from the three 
Iractions and accompanying histograms are in Fig } 
In the region above the visible zone in density-gradient 
tubes. the predominant particle length was between 
100 and 300 my. These short particles are probably 
not preparative artifacts. The infectivity data (Table 
2) show that the clarification procedure was gentle. 
Clarified preparations placed directly on density-gradi- 
nt columns. containing either 0.01VW Na.SO. or 0.01M 


el 
phosphate buffer (pH 7.0 as a solvent. showed the 
presence of short | irticles Dhev were present re vard- 
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of application (spraying or drop- 
The figure of unfractionated WCM\ 


of the method 


, 
less 


ping} to the grids 
' 


of Bos et al (3) contains many short particles. Unin- 
fectious short particles have also heen found with 
tobacco mosaic (2) and wheat streak mosaic (7) 
ruses. The predominant particle length in the in- 
visible zone region was 450-500 my The 


fectious 
werage length of the particles in the modal distribu- 


thon Was boi my. 


lished elsewhere { ,. 8. ] +). 


This length agrees with those pub- 
These rods presumably 
are virus particles. A quantitative study relating par- 
ticle numbers of this class to some specific infectivity 
level is still to be The 


the above-zone region was probably due to small num- 


done. however. infectivity of 


hers of these particles. Particles from the zone region 
were occasionally seen with threadlike projections that 
This 
not tested by ribonuclease experiments. 


may represent nucleic acid. interpretation was 


The generally 


long rods found in the region immediately below the 


visible zone seem to be a least as infectious as those 


found in that zone. These data probably resulted 
partially from sampling admixtures of particles from 
above the visible zone with those in the zone and. 


again. particles of the visible zone with particles from 


below the zone. All particles had a uniform width of 


15 mu. No rods were seen in control prepara- 


about 
tions. 
The serological data showed that the different par- 


resulted 
Another experiment in which a series of Yo-log dilu- 


ticle from infection with one virus. 


types 


tions were made from the visible zone and below-zone 


fractions supports this conclusion. The inoculum from 


the visible zone infected 1 of 16 beans at 10~*. where- 
as that from the below-zone region infected 2 of 19 


plants at 10 Only ,one lesion could be seen on 


each of the plants. and the symptoms on the plants 


were the Subinoculations to other species pro- 


luced the 


same 

reparations were made 
<< t { 
different 


same symptoms. 


from beans infected with the inocula and 


NTIALS OF 


METHOD FOR 


CITRUS PHYTOPHTHORAS 
seen in the preparations when they were examined in 
Plant 
Indiana. 


the centrifuge-—Department of Botany and 


Pathology. Purdue University. Lafayette, 
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ESTIMATING DISEASE 


POTENTIALS OF CITRUS PHYTOPHTHORAS IN SOIL 


with a mixture of inocula. No differences could be 
\ SERIAL DILUTION END-POIN1T 
Peter 
\ccepted pul ition April 5. 1960. 
The author tl inks Albert Amorteguy. whe issisted in 
st ot the cease potential tests 


SUMMARY 


\ quantitative method was devised for studying the 
of Phytophthora citrophtl ora and P 
s 


sitica in the soil and 


listribution para 


factors influencing their disease 


used as host to 


luted with 


otentials in situ Lemon fruit was 


letect the f n 


infested soils serially di 


sterile soil, placed in paper and incubated under 


Soils with different 


Cups. 


standardize | onditions levels ot 


Phys phthor Intestation produced different end-points 
fruit infection in the dilution series From these 
end-points, comparative levels of disease potential 


were estimated Disease Potential Indices of O-32 


H. 


Isao 


were obtained from tests with 140 soils. Results from 
later tests. performed to evaluate the method. indicated 
that the disease potential data obtained with this meth- 
od were sufficiently accurate and reproducible. 





Sm.) 


the 2 main causal 


Phytophthora citrophthora (R | . Sm. & E. H. 
Leonian and P. parasitica Dast. are 
Recently, 


fungi of fibrous root rot of citrus (8, 11) 
=t idies have been initiated on the ecological factors 
affecting the disease potentials of these fungi in the 


soil. In these studies, the need for a quantitative pro- 


cedure for estimating their disease potentials is obvi- 


ous; none of the conventional methods are applicable 
to Phy 


tophthora spt which do not develop on agar 








rat: 


dilute } piates (e.g ) 13. 14 24). 
Phytophthora spp. obtained 
methods (1, 4, 9, 15, 21. 22). 


methods successful. 


media of soil 
Information is lacking 
with other quantitative 


Even if any otf these were one 


Phytophthoras in pure cul- 
tests of 


would still have to isolate 


ture for identification and for their patho- 


genicity on citrus. The per cent infection method (6, 


23), assessing disease on the basis of percentage in- 
fection received by a large number of susceptible seed- 
lings planted in a given amount of infested soil in the 
greenhouse, did not work for the citrus Phytophthoras. 
probably because of the nature of their infective units. 


[ nder 


with a soil containing 


the swarming zoospores favorable conditions. 


infection was 100 only 


even 


a small amount of the fungus. The long duration of 
the experiment also makes these methods undesirable 
The lemon trap method (10) proved to be an excellent 
is Phytophthoras, but is only 
While it is capable of de 


presence in the soil it 


method for isolating citi 


of a qualitative nature 


tecting their does not give an 


indication of the degree of Phytophthora infestation 


in the soil sample tested 
tested by the 


Because the above methods, many 
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author, were infeasible for these fungi. a complete) 


different approach was used. By adapting the prig 


ciples of serial dilutions such as in fungicide or ang | 


biotic bioassays. a “serial dilution end-point” method 
was devised. The rationale of the method was thy 
-erial dilutions of any infested soil (original, l-in.2 
l-in-4, 1-in-8, ete.) with sterile soil as the diluent woul 
eventually reduce the disease potential to zero, Thys 
a given soil containing different amounts of Phytoph 
thora would produce different end-points of brown ro 


infection in the dilution series. From these end-points 


comparative levels of Phytophthora population coy) 


be estimated. It somewhat 


end-point method used in a virus inactivation study 


resembles the diluting 


and the various dilution-frequency methods for quant 


tative estimation of algae. bacteria. and other sj 


microorganisms (2, 5, 12). It differs from the others 


however. in that the diluent is sterile soil 


water, and that extensive replication is not used for 


calculating the most probable number. 
Preliminary trials. 


soils naturally 


field 
citrus Phytophthora spp. indicated that. in most cases 


ments with several 


instead of 


Numerous preliminary experi. 


infested with 








Lemon 


.---Z\- <4 














; (s 
50 so hel 
fs) e 
(+) + a(+) ~~ 
—K ' / 
\%~ f i rs 














Fig. 1-3.—1) A) the plit-cup” 
equal halves. A differen Ip is 
a soil mixer, respectively. The 50 c: 
shown in B. One-half of the soi 

lemon trap test. To the ren 
provide 50 cc of soil (b—s) of the 
circular motion while the cup 
scraping with the pot labs 

dilution cup, showing the po 
the procedures involved i 


nade from the 


’ 


next higher dilution. 


ivold the ache rence 
sitions 
he dividing and the 


hottem row. each representing 25 ct 


circles in the 


taining half (b) is then added 25 ce: 


with portions of the movable halves overlapping, 


mixing of the soil ir 


if soil, constitute a single 


l6-oz. paper cup by cutting the sides to form 2 connected, movable 
ised for each soil sample. B), C) The split-cup shown in positions as a soil divider and 


) 


of soil after having been leveled at the cup bottom are divided into 2 equal halves as 
a) is removed with the aid of a pot label stick (p) into a given dilution cup for the 
of sterile soil (s) and mixed thoroughly, as shown in G 
The mixing is done in the split-cup with 


a pot label stick by a 


is held at an angle. Efforts are made by 


of wet soil particles on the cup walls. 2) The lemon trap test with each 
of 2 lemon fruits, 150 ce of water, and 25 ce of soil in the cup. 3) Schematic diagram o 


the serial dilution end-point method. The 8 sem 


replicate dilution series 


oe ee 
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»* o¢ of the soil and 150 ce of copper-free water in a 
|-pint wide-mouthed waxed paper cup in the routine 
lemon trap test was sufficient to induce a number of 
Phytophthora lesions on lemon fruits at 253°C. Most 
brown rot lesions developed and became recognizable 
in 5 days under these conditions. More than one 
lemon fruit was needed per cup to avoid disease escape 
resulting from immaturity or other defects of some 
fruits. The cup preferred was the 16-0z. Dixie con- 
tainer, No. 2186-ST, Dixie Cup Company, Easton, Pa. 
\]so satisfactory are cups of the same size and quality 
by other manufacturers. 

4 preliminary experiment indicated that dilutions 
of the original field soils with a steam- or autoclave- 
sterilized soil, though quantitatively affecting the popu- 
lation, did not appear to impede the ability of the fungi 
to incite lesions on lemon fruits. In the 5 soils tested 
in 6 different trials, the end-points of brown rot infec- 
tion in the serial dilutions were different for these 
soils. Some were at l-in-] dilution (the original): 
others were at l-in-4 or 1-in-8 dilutions. In one soil. 
the end point was at 1-in-32 dilution. The highest 
dilution in which brown rot lesions were ever found 
in any soil was 1l-in-32. Therefore. it was believed un- 
necessary to dilute the soil further than the 1-in-64 
dilution in future tests. (The 25 ce of the 1-in-64 
diluted soil would theoretically contain only about 0.4 
ce of the original soil. } 

From information obtained in the preliminary experi- 
ments, a standardized method was evolved. That work 
has been briefly reported (16). 

Five hundred to 800 ec of 


a soil sample to be tested was pulverized by hand to 


Materials and methods. 


fine particles (2 mm or less with most soils) and mixed 
thoroughly. Fifty ce of the soil, measured with a 50- 
‘split-cup” (Fig. 1-A) and 


cc beaker, was placed in’ a 
divided into 2 equal portions (Fig. 1-B). One-half was 
put into a paper cup and labeled “1/1; 25 ce of an 
autoclaved soil (about pH 7) was added to the remain- 
ing half and mixed thoroughly with a clean pot label 
stick (Fig. 1-C) 
cedure was repeated to give the 7 dilutions of 1/1, 1 
1 4.1/8. 1 16, 1/32. and 1/64 (Fig. 3). Another 50 ec 
of the original soil was treated in the same manner 


to provide a replicate. Two cups. each containing 25 


to provide a l-in-2 dilution. This pro- 
») 


ce of the sterile soil, were used as controls. Deionized 


water (150 ce was added to each cup, and 2 lemon 
fruits (Citrus limonia Osbeck. var. Eureka or Lisbon) 
at the ripe or near-ripe stage were put into each cup 
with the peduncle ends up and the distal halves im- 


All cups 


At 6 days. qualitative 


mersed in the mud-water mixture (Fig. 2) 
were incubated at about 25°C. 
data were recorded (either positive or negative infec- 
tion reading) for brown rot lesions on the fruits in 
each cup. One or more brown rot lesions on either or 
both of the 2 fruits in a cup gave a positive infection 
reading for that dilution cup. The Disease Potential 
Index (DPI) of a given soil was defined as the recipro- 
eal of the highest of the dilutions that yielded brown 
rot lesions on the lemon fruit under the test conditions. 
When the 2 replicate dilution series gave dissimilar 
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results, the average of the 2 Indices was made the 
DPI of the soil tested. Soil with an index of 16 is con- 
sidered to have a disease potential about 8 times as 
high as that of a soil with an index of 2. 

If. in the dilution series, there was a negative fruit 
infection followed by a positive, such as ++—-4 


the DPI was taken as the reciprocal of the dilution 


Table 1.-Phytophthora disease-potential tests with 17 
representative soils, 


Dilvrtic n 


Test Soil ' | l l l l l 

no.” no. ' 2 } 8 16 32 64 pPIr 
] l + 4 } \ n _4 16 

r 4 r r n j 39 

} ) ] 

l 

13 2] } 
? 1 

22 + + 1 

» 

2 59 0 
0 

60 9 

] 

6] i i | \ g 

4 4 4 4 8 

62 + 8 

+ 8 

65 + + 4 R 

4 + Pat 

© 9? j 4 8 
+ + + 8 

93 4 16 

4 4 16 

98 4 ] 

+ l 

100 . yt 2 

2 

10] + 4 j ! j \ 9 

n } 2 

138 + + 32 

} 32 

139 + 16 

4 32 

110 + j | 

8 


For each test, 2 or 3 replicate cups of control (ster 
ized) soil were used, except for test no. 21, a test on effects 
of soil pH. In that, 2 replicate cups of control soil were 
used for each of the 5 soils of 5 different pH. All control 
<oils tested negative, resulting in no lesions. 

Each soil was tested in 2 replicates, a and b, with re 
sults respectively indicated in first and second lines. 

Phytophthora sp. was P. citrophthora; all others were 


P. parasitica 


The * sign indicates the presence of 1 or more brown 
ro’ lesions on either or both of ihe lemon fruits in the 
cu Phe * sign indicates the absence of lesions on the 
ituits 

DPI Disease Potential Index, defined as the reciprocal 


of the highest of the dilutions that vielded brown rot lesions 
on the lemon fruit under the test conditions 
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Table 2.—P ease-potential tests using cause of high summer temperatures in the ereenhouse 
more than 2 rey P. parasitica, which has a higher optimal temperatyy 
requirement than P. citrophthora, was used as the teg 
ceaiin organism in most of the artificially infested experi. 
seiaale fa pPr mental soils. The DPI of Phytophthora SPP. produced 
by these soils ranged from zero to 32. The results of 

1—TI 16 some representative tests are given in Table 1. 
8 Evaluation of the method.-- A number of tests wer 
2 CCD ' made to evaluate the accuracy and reproducibility 9 

1 the serial dilution end-point method. 

} More than 2 replicate dilution series.—With aboy 
3 LDSs' 5 one-fifth of the 140 soils tested, the 2 replicate dily 
o tion series produced end-points at 2 different. though 
1-12 ‘ consecutive. dilutions (Table 1). Consequently, the 
{ DPI for the 2 replicates differed. and an average indey 
} was used to indicate the disease potential of the sojj 
4 tested. Experiments were carried out to determine the 
= number of replicate series required for reliable results 
tee eit seat. 2 cenkicate cave of conteel (uterilised) Four tests were made, using 3 or 5 replications. The 
soil were used. All control soils tested negative, resulting in data (Table 2) indicate that the method produced sur 
no lesions Three replicate dilution series were used in prisingly uniform results. In tests 2 and 3. all 3 repli. 
indi per agen . ‘is eee a en | ae alae yielded the same end-point. at l-in-4 and 
> Phytophthora sp. was P. citrophthora; all others were l-in-8, respectively. In tests 1 and 4, one of the replicate 
P. parasitica series produced an end-point different from the others 
The “+” sign indicates the prese me lor more brown giving the replicate a higher index value than the rest 
a “Thee na | : rd : b et sor todo o- ~ Nevertheless. 2 replicate dilution series for each soil 
ie. “ sts iliac . eer sample would be considered adequate in routine tests, 
4 PPI — Disease Potential Index, defined as the reciprocal Soils containing known relative amounts of inoculum 
of the highest of the dilutions that yielded brown rot lesions Various soils containing different known relative 
om the lemon fruit un So eee amounts of Phytophthora were prepared. The DP test 
was performed with each of the soils to see whether 
the DPI obtained would reveal Phytophthora concen- 
preceding the highest e dilution. In this case. trations accurately. Three field soils naturally infested 
the DPI is 4 with P. parasitica were used, from which various soils 
When soils known | ontain only small amounts containing different known amounts of the original 


of Phytophthora ar 
extend the dilutions s 
serial dilutions are 
control in 


is used 


Brown rot lesions Ol 


P. citrophthora or pP 


appearance and odor 


necessary tor a 


in experime! 


tested. there will be no need to 


fewer (2 or 3) 


soil the 


t where artificial soil infestation 


» hig Similarly 


used as 


f yn fruits infected by either 
sit ive i characteristl 
} i are not ¢ isils confused with 


lesions produced by thre reanisms In tests with 
soils artificially infeste th a known Phytophthora 
species, brown rot rectio 4) test truits could bye 
determined without resort o isolation of the fungus 
from the lesions. Whe ld soils infested with Phy 
tophthora of unknow ‘ were used, the fungus 
was isolated for identi on simply by plating the 
seeds of the infected le iseptically on a suitable 
agar medium t tat extrose igal corn meal 
agar). Pure culture ngus was usually obtained 

Results... The met escribed was used in 31 
separate tests to determine the disease potentials of 
citrus Phytophthor 140 soils—about one-third 
naturally infested field the remainder arti: 
ficially infested ¢ laboratory and 
greenhouse expe! 1 undergone various 
treatments. ¢ ef | pH. of soil microbial 
factors. of soil t i of soil cides. Be 


steam-sterilized soil of 
The results (Table 3 


parasitica were correlated 


soil were prepared by using 


the same source as the diluent. 


showed that the DPI of P. 


with the relative concentrations of infested soils in 


these dilutions. 


Correlation between the estimated disease potential 


> 


same oO 


) 
; 


and root damage.—The soils used in test 3 of 
Table 3 were used in a greenhouse pot experiment to 
compare the estimated DPI of P. parasitica with the 


root damage caused by the fungus in these soils. The 


same soil after steam sterilization was used as the 
control { 2-month-old seedling of sweet orange 
(Citrus sinensis Osbeck. var. Homosassa) was tran 
planted to each 5-in. clay pot containing a uniforn 
amount of each of the 4 soils. Each treatment. was 


replicated 8 times in randomized blocks on the green 
house bench. The periodic waterlogging method (19 
was used in watering the plants. Roots were harvested 
at | 
healthy root tip count method (19). 
DPI for each soil related te 
damage (Table 4). 


T « sfs with the 


assessed by the 
The Phytophthora 
ree of root 


month, and root damage was 


Was the deg 


same soil at 3 different moisture levels 
It is known that soil moisture greatly influences the 
ictivity. including sporangium production, of Phytoph- 


Experiments by Dimitman (7 


thora spp. in the soil 


pal 
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Table 3. Results of disease-potential tests of soils con- 
« . 1 

raining known relative concentrations of Phytophthora 


parasutt a. 


Dilution 


Phytophthora 1 l l l l l | 


Test noe 
j }3 com ] 2 } 8 16 2? 64 DPI* 
and soli - 
1—LDS lin] + + 8 
lins + - 2 
} 
lin9 t - ] 
l 
I— BE lin | : 32 
4 j 39 
lind : 8 
4 4 4 8 
lin 2o T t 2 
+ + 2 
ay lin 1 + 8 
lin4 2 
l in 16 — 0 
+ l 
For each test, 2 replicate cups of control (sterilized) 
soil were used All control soils tested ne gative, resulting in 
neo lesions. 
1 in | the original soil; 1 in 3 = one portion of the 
original soil was mixed with 2 portions of the sterilized 


soil: 1 in 9= one portion of the “] in 3” soil was further 
mixed with 2 portions of the sterilized soil. Soils in tests 2 
and 3 were prepared in the similar manner. Each of the 
9 soils was tested in 2 replicates, a and b, with results re 
spectively indicated in first and second lines. 

The “+” sign indicates the presence of 1 or more 
brown rot lesions on either or both of the 2 lemon fruits in 
the cup. The * sign indicates the absence of lesions on 
the fruits 

DPI Disease Potential Index, defined as the reciprocal 
of the highest of the dilutions that vielded brown rot lesions 

i the lemon fruit under the test conditions 


showed that mycelia of citrus Phytophthoras were gen- 
erally incapable of infecting lemon fruits. and that 
zoospores were mainly responsible for fruit infection 
It was thought that the DPI of the fungus in a soil 
might also be influenced by the moisture content of the 
soi! at the time the test was made, that a wet soil might 
produce a higher DPI than the same soil when it was 
drier, and that sporangia or zoospores present in an 
excessively wet soil might influence the test by produc- 
ing a higher index. A test was therefore carried out 
in an attempt to answer these questions 

\ uniformly mixed field soil, naturally infested with 


P parasitica and possessing a DPI ot 8 soil l in 1 able 


}) was used as the test material. About 300 ce (327 
333 2) of soil was plac ed in eat h of 3 porce lain pans 
to a depth of about 1.3 em. Pans A. B. and C re 


spectively received 0. 80. and 130 ml of water Pan A 
was covered with aluminum foil to prevent moisture 
loss. All ] 


end of 2 days. the previously waterlogged soil in pan 


ins were ine ubated at about 20 ( \t the 


) , : 
B had become much drier, whereas the soil in pan ¢ 
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was still waterlogged, with a considerable amount of 
free water. Calculations from the wet and dry weights 
revealed the per cent water content, by weight, of 
soils A, B, and C to be, respectively, 3.3, 15.5, and 20.3. 
\fter thorough remixing, each soil was weighed out 
in one-sixth aliquots (equivalent to 50 ce of soil of 
original moisture content). 

In addition to a routine DP test for each of the 3 
soils (see Test Il in Table 5). other tests were per- 
formed in an attempt to study the nature of sporan- 
gium and zoospore production involved in the mud- 
water. In one test (Test | in Table 5), 2 lemons were 
placed in each cup of mud-water in each dilution series 
of the 3 soils 20 minutes after water was added. They 
were removed after about 10 minutes and incubated 
The high 


relative humidity inside the bags was maintained by 


individually in enclosed polyethylene bags. 


enclosing in each bag a cotton ball saturated with 
sterile distilled water. The bags were incubated at 
25°C and brown rot lesions on the fruits were recorded 
at 6 days. For another test (Test II] in Table 5). a 
separate dilution series was made for each of the 3 
soils. Immediately after water was added to the cups, 
2 lemon fruits were placed in the mud-water and 
allowed to incubate at 25°C. Twelve hours later. they 
were taken out and rinsed under tap water to remove 
adhering soil particles or possible mycelia from the 
fruit surface, and further incubated individually in 
humid polyethylene bags. Another 2 lemon fruits 
were placed in the mud-water of each cup immediately 
after the first 2 fruits were taken out They were 
treated identically after a 12-hour incubation period 
in the cups. The procedure was repeated 8 times—at 
each of the 8 consecutive 12-hour periods. Lesions on 
the fruits were recorded twice for each of the 24 
groups of fruits: once at 6 days after water was added 
to the cup, and again at 6 days after the fruits were 
introduced into the mud-water 

Che results are in Table 5 The following observa 
tions and interpretations were made: 

1) The 3. soils, 
amount of P. parasitica but were of contrasting mois- 
ture levels. produced identical DP] (Test II in Table 
>). It is therefore likely that the moisture content of 


which possessed the same initial 


Table 4..- Disease Potential Indices vs, hea 


thy root tip 


counts, 
No. healt} V 
Phytophthora — root tips 
arasitica per seedling DPI 
Soil con fav. of 8) iv, of 2) 
1) Original, infested lh « ¢ me 8 
2) 14 original } ( 9.9 ) 
}) original ] ( 29.0 0.5 
1) Sterilized (control) 0) 58.4 0 
( the concentration of P. parasitica in soil 3 
Linear relationship significant at 5% level 
DPI Disease Potential Index, defined as the reciprocal 


} 


f the highest of the dilutions that vielded brown rot lesions 


on the lemon fruit under the test conditions, 








lable 5 i | ntia v1 le same 
| at 3 diff t 
Re idl at 
Periods i\ afte! 6 days alter 
(hours): fron t idded emon introduced 
water added t ifter 
lemon added Days after 
incubation of ( water ; 
lemon in cup DPI 1dded ‘DPI 
Fest, I, 1 f \ f < 
| 2 
| 
Fest If, 1/2 \ f ‘ 
B 6 
{ 
Pest IIT, 12 \ f 2 6 : 
| | | 
( } } 
19 \ } i } 
| | } 
# 8 
4] \ | | 
ik } ] 
( ) ) 
iy]? \ ) 2 
hy 8 
( 8 
is—] \ 
HR ‘ 
( | } 
60— 12 \ | 8.5 l 
| | | 
( Tt | 
) \ | 8) ] 
» 
( () | 
8 ) \ 0 y | 
| () | 
( 0) | 
The water iy Wwelgl I s vils 3 8 ind (.. was 
respectively 3.3, 15.5, and 20.3 at the start of the tests 
"Since, except in Test [I lemons were incubated in 
polyethylene bags, the test nditi« were not the same as 
these used in the routine DP tests. Furthermore, the fruit 
infections in these tests were necessarily read at 6 days 
Therefore. th “ori iT tt lable were modified DPI and 
were not the same as tl letine I Materials and meth 
ods” in the text 
Since the lemons wer ntroduced to the water 20-30 
minutes after water was added to the cups, the infection 
readings at 6 days afte va is added were the same as 
the readings in the column to the right. readings at 6 days 
after lemons were introd 
a soil tested, though probably influencing the amount 
of infective units (the zoospores) in the soil at test 
time. would have little influence on the DPI given by 
the test at 6 days. In Test lL. where lemons were re- 
moved 30 minutes after water was added and incubated 
outside the cup. brown rot lesions were found on 
some of the fruits 6 days later. indicating the presence 
of sporangia and o1 vospores in the mud-wate! during 
the first 30 minutes Lesi were never found, how- 
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ever, on any lemon fruits in dilution cups that wer 


beyond the 1-in-2 dilutions in any of the 3. soils jp | 
Pest 1, which was performed with the cups of the sam 
Test IL. Sings 
the DPI was much higher for all 3 soils in Test [I 
all fruits that 


higher dilutions (1/4 


dilution series that were later used for 
brown rot in the 
1/8) 


must have been infected by the zoospores that were 


contracted Cups of 


and at the end of 6 days 


net present during the first 30 minutes of the tey 


» 


2) The hypothesis that zoospores produced alter 
addition of water to the cups were largely responsible 
for infection on the lemon fruits during the test was 
further supported by the results of Test IIL. These 
data showed that the “DPI” (see footnote b of Table 
> for definition) for any of the 3 soils varied greatly 
the different 
“Indices” 
follow the 


with 12-hour periods. The variation jg 
periods did not 


Ea h 


soil produced an undulating pattern of variation, how. 


during the eight 12-hour 


same pattern in the 3 soils tested, 
ever. with one or more peaks always reached at the 
1/8 dilution, thus producing a maximum of “DPI” of 
8 that matched exactly with those of the 
Test IL. For soil A. the “DPI” for the 8 periods, read 
6 days after lemons were introduced to the cups. were 
4. 2. 8 1. 1, and 1. For soil C. they 
2. 8. 4. 1. 1. and 1. In soil A 


the peak of 8 was not reached until 2 days after water 


3 soils ip 


respectively 2. 1. 


were respectively 1. 8. 


was added to the cups, whereas in soil C it was reached 
was added. The difference is 
due to the different 


the 2 soils at the start of the experiment. since soil ¢ 


at 12 hours after 
thought to be 


water 


moisture levels of 


was saturated with water 2 days before the serial dilu- 
tions of the soils were made and the water apparently 
gave sporangium production in soil C a head 
a) It 


five 12-hour periods, the “DPI” of all 3 soils obtained 


start 


was noted that with lemons used in the first 


from reading at 6 days after water was added were 
identical to those from readings at 6 days after lemons 
introduced. It that 

have been completed and was ready to be re- 
corded at 4 


the inoculum in the mud-water. 


were seemed lesion production 
must 
were in contact with 
The 6-day 
was therefore believed to be more than adequate for 
a routine DP test. 


1) The data further showed that infection on fruits 


days after lemons 


incubation 


placed in cups 60 or 72 hours after water was added 
was low. indicating that most of the sporangia and 
zoospores were produced during the first 2.5-3.0 days. 
After the end of the experiment. many of the dilution 
cups containing infective levels of inoculum were kept 
18 more days. and fresh lemons were placed in them 
periodically. No brown rot lesions were found on any 
lemons introduced into the mud-water 8 days or more 
was added. 


after water 


Discussion.— As in the Dimitman experiments (7). 
the lesions on the test fruits in the herein reported 
DP test were believed to be the result of infections by 


While it 


fungus prop- 


zoospores produced during the test. is con- 
that. 


agule in the soil would eventually 


ceivable theoretically. each viable 
bring about lesion 


development on a suitable host if a series of optimal 
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‘onditions were provided and sufficient time was al- 
‘ 


lowed, not all propagules could produce sporangia 


and subse 
on the lemon fruit if the test was performed under 
viven set of environmental conditions and termi- 
- 


quent zoospores to induce brown rot lesions 


eo after a given period. Therefore, the absence of 
brown rot on the fruits in a dilution cup does not neces- 
carily indicate an absence of the fungus in the soil of 
that cup. Also. as in any isolation method where 
negative recovery does not necessarily mean the ab- 
sence of the organism, an Index of zero for a soil does 
not always indicate an absence of the fungus in the 
oi] sample tested. It may be conceived, however, that 
the amount of any fungus must be extremely minute. 

Since environmental factors would affect zoospore 
formation of the fungus in the mud-water of the dilu- 
tion cups. and thus the DPI levels. the disease poten- 
tial of the fungus in one soil could not be compared 
with that of another soil tested at a different time un- 
less the The 
accuracy of the test therefore depends largely on the 


incubation conditions were the same. 
precise control of test conditions. especially incuba- 
In addition, success requires prope! 
They should 


he mature enough and free of injury, for no soil fungi 


tlon temperature, 
and careful choice of the test lemons. 


other than Phytophthora spp. are known to infect an 
uninjured lemon. Test fruits should be picked from 
branches high enough to avoid field contamination of 


Phytophthora spp. from soil in the orchard. Surface 
necessary. 


*< that 


sterilization of the fruit. however, is not 
Preferably. test fruits should be those from tree 
had not been sprayed with any pesticides since fruit 


set. When 


test lemons should be washed in 0.1. 


fruits are not known. the 
HNO. solution 


to remove copper fungicide residue possibly present on 


sources of the 


Fruits that have been processed in the 
market are 


the surface. 


packing house or waxed fruits from the 


unsatisfactory because of surface injuries. Penicillium 
and Oospora infections are common on such fruits. 
The 


lemon fruits to Phytophthora infection, the character- 


selective susceptibility of uninjured mature 


its odor on the fruits. 
make the 
detecting 


istic lesions of brown rot and 


and the briefness of the test lemon-trap 


technique an excellent method for citrus 


Phytophthoras in the soil. Other materials tried. such 
as seeds, detached leaves. cut stem pieces of citrus, 
and hemp seeds. worked occasionally, but none possess 
all of the Citrus 


fruits other than the bulky lemon might also perform 


3 desired features a lemon fruit does. 


satisfactorily, but unavailability might prohibit their 


routine use. In southern California lemon is grown 


in all regions and is available the year around. making 
these tests 


In view of the data reported herein. the serial dilu- 
I 


it an excellent material for 


tion end-point method appears satisfactory for esti- 
mating disease potentials of citrus Phytophthoras in 
the soil. The time required for completing all the 
test procedures for each soil sample is less than 30 
minutes, and data recording is simple and quick. Tests 
not reported in detail were performed to compare the 


efficiency and accuracy of the split-cup as hoth the 
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soil divider and the soil mixer with other more con- 


ventional dividing and mixing equipment (respectively 
torsion balance and mechanical rotating mixer). The 
results showed the split-cup far superior. It saved 
much time and effort without sacrificing accuracy. The 
DP test also proved sufficiently reproducible. It is 


admittedly only semiquantitative. Furthermore. the 


twofold differences in 
pable of detecting the difference between 2 soils that 


serial dilutions render it inca- 
vary only slightly in the level of disease potential of 
the fungus. Still, it has provided means for studying 
various ecological factors influencing the citrus Phy- 
tophthoras in situ, for comparing treatments in the lab- 
ratory and greenhouse pot experiments (17, 20). and 
for determining the distribution of these fungi in small- 
scale field experiments (18). It is obvious that if an 
improper soil sample taken from a large area of uneven 
Phytophthora distribution was used in the test. the 
level of disease potential obtained from the test cer- 
tainly would not indicate the correct degree of infesta- 
tion of that area by these fungi. However, its doubtful 
capability in this connection should not be blamed on 
the serial dilution end-point method. Any method re- 
quires an accurate sampling plan. 

With slight modifications. the serial dilution end- 
point method could be used for estimating the disease 
potentials of other Phytophthora spp. and certain other 
soil pathogens for which no suitable methods are now 
available. A preliminary experiment with bean seeds 
as traps. for determining levels of Rhizoctonia solani 
and Pythium aphanidermatum in the soil. showed that 
a modified method employing this same principle per- 
Department 


formed satisfactorily with these 2 funci. 


of Plant Pathology. University of California, Riverside. 
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VARIATION IN PERINEAL PATTERNS AND HOST SPECIFICITY 
OF MELOIDOGYNE INCOGNITA 
\. C. Triantaphyllou and J. N. Sasset 

Accepted for \ 6, 196K foldings of the outer cuticle. Pattern was not. cor- 

Department of Plant North Carolina Agri related with ability of isolates to reproduce on cottor 
cultural Exper ted ‘s Publis! with the Sines morphological distinction between the subspecies 
sy sig ed Ded . has Pa No. 18 is often uncertain and perineal pattern gives little in- 

Phe eI de ' i a Ot ae formation on the physiological hehavior ol a —— 
potthetoadlen se aiecrahelage atm population, present division of the species into 2 sub- 

species seems to serve no practical purpose It is there. 
. RY fore suggested that all populations exhibiting perineal 

Fourteen single ¢ r larval isolates from 12 patterns ranging trom incognita- to acrita-type be con 
populations of M i neognita trom Y states sidered one species, VW. incognita. Most isolates re 
were propagated on tomato for 12 generations. Pet produced slightly on resistant tobacco and tomato 
ineal patterns of ma te inged trom that ol (Hawaii 5229). Three to 5 suecessive transters o1 
typical incognita- to ty] ra-type. Characteristics resistant plants resulted in clones of the isolates with 
specific for each isolate in the first generation persisted increased reproductive rates on these plants. Clones 
in the 12th generat Diff t osts (cotton. corn) built up on resistant tobacco reproduced on resistant 
did not influence mort . of the perineal pattern tomato at the same rate as the original isolates. At 
over a 20-mont! period Progen fron ndividuals tempts to cross several isolates gave no indication of 
selected for a certain patte tyne during 4 successive amphigonic reproduction. 
generations exhibited the general pattet variation of 
the original isolates ! enel very voung females ; 
kad eotterns with Gi tC eggs Neg AB eine Pane On Following Chitwood’s taxonomic revision of the genus 
The acrita-type pattert wn in cross sections. was Veloidogyvne Goeldi. 1887 (2). several additional 
formed of regular cut tr striae and of additional species were described and attention was focused on 
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Population . Isolate 
LA Ps" \-] 
IB t \ B 
lf \ ( if 
2A 2A 

\ 
SA \ 
LA 1) 1A 
a yA 
HA \I 6A 
7A N \+ 
iB K hf 
BA \ \ 
QA ~ OA 
indi 4 
maivi I 


ot-knot nematode populations and isolates 


Perineal pattern tvpe Reproduced 


writa intermediate incognita on cotton 


ost of the individuals had pattern of this type 
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intraspecil iriatior \ mg the several species 
VUeloidogyne incognita Chitwood, 1949, is most widely 
distributed by far. particularly in’ the temperate 
climates. Within this species Chitwood distinguished 
one variety, acrit mainly on the basis of the morphol- 
ogy of the perineal pattern later. the variety was 
differentiated from the species on the basis of host 
spec ihficitvy (10 According t the Rules of Zoological 
Nomen lature the variety ~ recently been considered 
as a subspecies and is now designated VW. incognita 
acrita, in contrast to M ognita incognita (3) 
Several investigations | e indicated great variation 


m morphology ecificity in this nematode 


species (6. 4 ra] lO The characteristics originally 
considered speci for thre . ibspecies are now proved 
to be variable and overlapping leaving the taxonomic 
status of the subspecies neertall 

Investigations were conducted of the extent of vari 


ation in the morphology of the perineal pattern and in 


host specificity ; several <olates ofl WV 


neognita 


Special emphasis was placed on a critical comparison 


of M. incognita a ta with M neognita tncognita to 
determine whether maintenance of the - ibspecies as 
distinet taxonomic entities ts justified Also studied 


was the source of iriatio ind the mechanism of In 
heritance of certain characteristics of the isolates \ 
preliminary report has beet published (15 Post 
infection development nad the mechanisn of sex 
determination have iso een investigated for these 
isolates and are discussed ! separate }) iblications 
(13. 14) 

Literature review. Uhre riability of the perineal 


pattern of the genus Ve yoyne. first recognized by 


Chitwood ) was investigated by Dropkin L) in 
larval isolates as well as in wild populations of M. 
arenarta, M. incognit nceognita, and M. incognita 
acrita. He coneluded that the general shape. and 
perhaps some of the details, of the perineal pattern 
are heritable characters. Sasset 10) found the mor 
phology of the perineal pattern to be reliable for 
differentiating 4+ V dogy pecies V/ ncoognita 
incognita and M. ir gr however, were sim 
lar. and difficult to differentiate by morphology of the 
perineal pattern ilone ly listinguishing V neognita 
acrita from M. incognit ncognita, Taylor et al (12) 
placed emphasis on the shape and spacing of the striae 
of the arch of the perineal pattern: WM. incognita acrita 
has an arch formed by widely spaced wavy striae: M. 
incognita tneognita | ! ¢ that ire close y spaced 
and wavy to zigza 

Host specificity iriat n M ncogl pyenita 
and M. incognit een re irted ya num 
her of investigators iffere es in host plant reaction 
(degree or. tvpe rf n populations of t's 
nematode species have ee served by Allen (1 
Dropkin (5 ind Martir Further. considerable 
variation has been found rate of reproduction and 
the ability of isolates to att iN irious cotton and soy 
bean varieties (5 Po itions of M. incognita 
acrita from 5 diff ried lit oO at 


tack Sorgh 
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The existence of strains or races within the syb. 
srecies acrita has been reported by Sasser and Nys 
(ll) 
acrita that attacked cotton severely but did not attack 


baum They found a population of M. incognita 
tobacco, whereas a population in neighboring field 
j lots attacked both. 
races was recently demonstrated (6) on the basis of 
8 collections of M. 


5 alfalfa varieties. 


The existence of physiological 


differential reaction of incognita 


acrita to Variation among individ. 


‘ls of a single egg-mass isolate was demonstrated jp 
studies (9) the resistant 


with tomato 


variety Hawai 


229. By successive transfers on resistant plants. clones 
of 2 isolates were obtained that reproduced readily op 
tomato plants resistant to the original isolates. 

Materials Table 1 
the sources (9 states) of soil samples or roots of host 
with WV. 
in this article to include both 


and M 


lished on young Rutgers tomato seedlings and main. 


and methods.--General. 


shows 


plants infected incognita (used henceforth 


VW. incognita incognita 


incognita acrita). Stock cultures were estab. 


tained by transfer to new plants every 3 months. Six. 
inch pots filled with steam-sterilized soil were used 
in all experiments. and special care was taken to 


avoid contamination. The pots were kept in a green. 


house at about 29°C, 

Three to six single egg mass and larval isolations 
were made from each population. After 45° days’ 
growth, the seedlings were washed free of soil. and 
ege masses found in the roots were used to establist 


The 


least 3 


a second generation females were fixed in 2% 


formaldehvde for at davs before dissection 


The perineal region was mounted on slides in lacto- 


phenol (12). Inoculum was taken from the second 
generation to establish the third generation and to 
inoculate 3. seedlings each of the following plant 


ar. DB-101). 


-$). 


cotton (Coker 1LO0W 


\fter 50 days the plants were 


spec coos Tobacco 


(\ 
and corn (Inbred ¢t 
examined for galls and females with egg masses. 
The perineal pattern of the first-generation females 
and the the the three 


test plants indicated the morphology and physiological 


appearance of root systems of 


(pathogenic) behavior of the populations and_ their 


isolates. Only one isolate from each population was 
maintained if there were no differences in tvpe ol 
perineal pattern or ability to attack the above-men- 
tioned plant species. When variation was found, all 


differences propagated — for 


Table 


and their characteristics 


isolates showing were 


further study. 1 shows the isolates maintained 


Each isolate was 
propagated on tomato and cotton or corn for 10 1? 
15 davs 


masses and larvae of the 


Variation of the perineal pattern 


enerations by every 42 


Galled 


previous 


successive transters 


roots containing egg 


generation were used as 1nen ulum Perinea 


patterns of females with well-formed egg masses fron 


the first and the 10th or 12th generations were 
studied im detail. 
The following morphological characteristics wer 


considered: a) height of arch: bh). striae: straight 


(acrita type) or wavy. zigzag (incognita type): ¢ 


trize fine. evenly coarse 


tvpe oT 
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neal pattern most re 

} ther 1 idual 

leted ougn the 

| ( seedlings 
f pots tte! 

! t te ot thre 

ocul Kach 

ted o times \fter 

re Vashned and examined 
lissecting microscope 
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isolates of Meloidogyne incognita as indicated by infection classes. 


Bean Peanut Tomato Tobacco 


White 


Hawaii 


Cornfield =NC2 3229 DB-101 8064 B08 
5 0 4 5 7 9 
5 0 ; > l 1 

) () 4 3 | ] 
) fT) > | ] 
} 9 i} ) ] 
) 0) ) - 4 9 
) 0 ; J ~ 
) 0 \ 5 | ] 
) 0 > ) ] ] 
) 0 5 ] | 
} 5 ) 9 
" 0 ) ) | 2 
> 0 4 y ] 9 
) 0 5 ] ] 


i 


e of infection; 1 roots galled but larvae inside the galls 
r plant; 3 slightly suitable host 
rately suitable host—-females with egg masses from 100 4 


highly suitable host 


females with egg masses 


females with egg masses ver 


cross sections made parallel or at right angles to the 
vulva. The perineal pattern became apparent in young 
females a few hours following the fourth molt. as the 
cuticle became distinct. The perineal pattern of very 
females still enclosed in the larval cuticles of 
differed markedly that of 
females. The forming the 


pattern of young females were mostly fine. zigzag, ot 


young 


the previous from 


stages 


mature. egg-laying lines 


wavy. and the pattern usually resembled the incognita: 


tvpe. Fig. 1 and 2 are photomicrographs of the per- 
ineal pattern of very young females of isolates 1A-] 


and 24-3 


as the mature females whose perineal patterns 


respectively dissected out of the same tomato 
roots 
are shown in Figs. 8 and 5. The very young individ. 
differ in 


This indicates that the morphology of the 


uals general pattern type from the mature 
females, 
perineal pattern changes during development of the 
idult female 

In cross section the perineal pattern of mature fe- 
found to be 


foldings of the outer cuticular 


males was formed by regular cuticular 


striation as well as by 
(Fig. 3-A). 


acrita type 


layer The coarse paired lines visible in 


surface view of patterns obviously corre 


two suc essive fold- 


foldings of the 


spond to the LrOOVes formed hy 


ings. In incognita-type patterns, the 


outer cuticular layer are fewer and less 
(Fig. 3-B). Most of the fine striae visible in surface 
view of Incognita-type perineal patterns may correspond 
striation. A 


per ineal region of 


pronounced 


regular cuticular Cross-section 


through the a voung non-egg-laving 
is illustrated in Fig. 3-C. The cuticular foldings 
are forming at this stage 

B) Stability of the perineal When the per- 
10-12! 
generations on tomato were compared with those of at 


approximately equal number of individuals of the first 


pattern, 
| 


ineal patterns of 30-50 individuals of the 


generation, some pattern characteristics were found 


1 


to persist from the first to the last 


generation of eacl! 
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Table 3. Root-kn« nf asses oO! 9 tobacco varie 
ties or lines invoe ted ae weorae 
incognita 

acco line or Variety 
Resistant 


l-olate DB Bel 6-2 8071 


> A-2—-Original ; 2 


Clone B | } 
9A-!-_Original : 2 
Clone B } } 
7 represents the ‘ t ! solate that had been 
built up on resistant 
"For rating syster 
isolate [wo were selected to illustrate all 14 isolates: 


In the first generation this isolate 


a) Isolate A 
showed the most typi il a-type perine il patterns. 


with little variation. Uniformity of the patterns Is 


illustrated in Fig. 4-A—D. In the 12th generation the 


same isolate showed a very similar type of perineal 
pattern, and variation was again very small (Fig 
5-A-D). 

hb) /solate 2A-1 In the first generation this isolate 
showed considerable variation Only half of the pet 
ineal patterns were the typical acrita-type. Most of the 
others had irregular striae Fig. 6-A.C.D) a few 
showed some of the characteristics of M. hapla (Fig. 
6-B). The over-all variation was the same in the 12th 
veneration. Typical acrita-type patterns made up about 


the same proportion ind the other two pattern types 


were also present. Patterns of the irregular type are 
illustrated in Fig A.B. and one showing some charac 
teristics of M. hapla in Fig. 7-D 

C) Effect of host plant perineal pattern.—When 
perineal patterns of individuals propagated 18-22 
months on cotton or corn are compared with those of 


individuals of the same isolate propagated for an equal 
period on tomato. no substantial effect of host on pat- 


tern could be detected. racteristics of the perineal 


pattern specie for each isolate in the first generation 
persisted through the 12t eneration on tomato and 
cotton or corn \ single isolate is used to illustrate 


this: 
a) /solate 1A-1 The perineal patterns of this iso- 


late were largely of the incognita-type in the first as 


well as in the 12th generation on tomato (Fig. 8-A—-C) 
There were, howevel! i few patterns of the acrita-type 
(Fig. 8-D) and several intermediates not characteristh 
of either type The same isolate after 20 months on 
cotton showed similar iriation and pattern types 
(Fig. 9) 

ID) {ttempt to obtat far of nidi duais with 
uniform type of peru utter? The progenies of 
individuals selected for a certain type of perineal pat 
tern showed in the 4th generation pattern characteris 


tics similar to those oft the n i] isolate 
a) Isolate 3A-2 This isolate 


pattern of the incognita-type. though not typical: few 


exhibited perineal 


patterns were of the acrita-type The female with the 


acrita type patter llustrated I I ig 10-A was selec ted 


as mother individual to itiate the experiment. For 


Vol. 0 


each subsequent generation the individual with the 
most typical acrita-type pattern was selected. Mog 
individuals of the 4th generation had a_ perineal pat. 
tern typical of the original isolate. No shift toward 
acrita-type could be detected. Three patterns of the 
tth generation are illustrated in Fig. 10-B—D. 

Results were similar from selecting for the mos 
typical incognita-type pattern in isolates 3A-2 and 1C.] 
and acrita-type pattern in isolate 1C-1. 

b) Comparing 2 isolates of the same population- 
Two isolates (9A-1, 9A-6) selected from the stock 
culture 9A of South Carolina showed similar perineal 
pattern types. Isolate 9A-1 did not reproduce On Cot. 
ton. whereas isolate 9A-6 did. Both isolates showed a 
variation of perineal pattern from typical acrita (Fig 
11-A, 12-D) to typical incognita (Fig. 11-D. 12-C) type 
In addition they possessed a number (20-30) of 
perineal patterns with a very low arch. Most of these 
12-B.C) or 


were wider than high (Fig. 11-B). This unusual pat 


patterns were almost circular (Fig. 11-C. 


tern type persisted in the 12th generation, showing a 
slight increase in percentage over the first generation 


2) Host suitability studies. 


Ten plant species or 
varieties were selected for investigation of the physi- 
ological behavior (host specificity) of 14 isolates of 
the parasite. Variation in rating of replicate plants of 
each plant-parasite combination was usually small. All 
plants could be classified in the same infection class 
In the few cases showing considerable variation, the 
experiment was repeated. The results are summarized 
in Table 2. 


to varying degrees. 


Half of the isolates reproduc ed on cotton 
Although 2A-1 and 2A-3 were 
isolates of the same population. they differed distinct- 
ly in ability to reproduce on cotton. The same was 
true for isolates 9A-] and 9A-6. Four of the 5 isolates 
with acrita-type pattern and 2 of the 4 with incognita. 
type pattern reproduced on cotton. Corn was a slight- 
ly or moderately favorable host for all isolates. All 
isolates reproduced slightly on resistant tomato. Two 
isolates with incognita-type pattern (1A-1 and 3A-2) 
reproduced slightly on both breeding lines of resistant 
tobacco (root-Knot-resistant breeding lines developed 
at the Tobacco Research Station. Oxford. N. C.). Iso- 
lates YA-1, with incognita-type pattern, and 8A-2. with 


Table 4. 
ties inoculated with several isolates of Veloidogyne in 


eogznita 


Root-knot infection classes of 2 tomato varie- 


Tomato variety 


Isolate Hawaii 5229 Rutgers 
} A-1—Original 3 5 
Clone B* 4 5 
1B Original 3 5 
Clave B 34 5 
7 A-6— Original 2 5 
Clone B } 5 
9.4 ]—Original 3 5 
Clone B 5 5 


Bb represents the clone of the isolate that had been 
t up on resistant tomato 
For rating system see Table 2. 
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A-D) Variation in perineal patterns of egg-laying females from the 


Fig. 8. 


12th generation of isolate 1A-] of V. incognita. 


A-D) Variation in perineal patterns of egg-laying females from the 


= 
‘ 


lig. 


12th generation of isolate 


XK 650) 


(650) 


incognita. 


A-1 of M, 
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intermediate-type pattern, reproduced slightly on only 
one breeding line 
failed to reproduce on either breeding line 


} 


3) Studies on esistant tobacco In the host sult- 
ability studies, some isolates of the parasite repro- 
duced slightly on resistant tobacco (Table 2). Inocu- 


lum from resistant plants was increased on susceptible 


tobacco (DB-101) and then used again to inoculate 
resistant plants In this second transfer two isolates 
gave rise to significantly more egg masses (root-knot 
infection class 3) than in the first inoculation on 
resistant plants (infection class 2). Individuals of 


each isolate thus obtaine trom resistant topacco were 


designated B clones. in contrast to the original iso- 
lates, propagated continuously on susceptible tobacco. 

The B clones as well as the original isolates were 
used for a third time to inoculate resistant and sus- 


Results are 


transfer the B 


Table 3. 
able to re 
than the 


ceptible tobacco summarized it 
In the third 


produce on resistant tobacco 


( lones were 


more readily 


original isolates Resistant tobacco lines were, in 


fact. moderately susceptible hosts for B clones. They 


still possessed, however. a small degree of resistance In 
comparison with the susceptible variety DB-101 

The above B clones were later inoculated to the 
resistant tomato variety Hawaii 5229 and to the sus- 
ceptible tomato variety Rutgers After 24% months 


the root systems oft the 


The 


} for resistant plants and 


plants were examined 


root-knot infection class was 


5 for susceptible plants Thus, the B clones of the 
isolates able to overcome resistance on tobacco he 
haved on resistant tomato like the original isolates 

1) Studies on resistant tomato.—The resistant to 


mato line Hawaii 5229 was attacked slightly by all 


isolates of M. incognita tested (Table 2) Some of 


the isolates were propagated for a second generation 
on resistant tomato but showed no increase over the 
original isolates in reproductive rate. Four isolates. 
however, were propagated for three or four gener- 
ations on resistant tomato (they are designated clones 


B) and 
The results are summarized i 
of isolates 7A-6 and 9A-] 
tion over that of the 


then with the original isolates. 


Fable 4. The 


nereased rate 


compared 
B clones 
ot reproduc- 
\ slight increase 


clones B of 1A-1 and 1B-3 


original isolates 


was observed in 


5) Source of variation and the mechanism of inherit 
ance of various characteristics In breeding experi 
ments, males of different isolates of M. incognita and 
males of V/ hap aand M wvanica were added to the 
soil where tomato plants were growing with very voung 
females of M. incognit n their roots The males 
were later found associated with the females Males 
were absent in the controls. In some cases sperm was 


found in the spermathecae of the females. The sperm 
entered the oocyte during the prophase stage and 
remained at one pole of the egg until the first telo 
phase. Its further role was not detected The mot 
phological and physiological characteristics of the off- 
spring of the attempted crosse yave no indication of 


amphigonic reproduction 


PHYTOPATHOLOGY 


All is lates with ae rita-type pattern 


Vol. 0 
Discussion._-The perineal pattern has been cop. 
sidered to be formed by simple cuticular striae (2, 3 
12). Cross sections through the perineal region of 
mature that the perineal 
pattern consists of both the regular cuticular striae 


females, however. reveal 
and additional foldings of the outer cuticular layer. 
This structure may suggest an explanation concerning 
the formation of the perineal pattern. 


In very young 
females the 


marked by 
striae and is hemispherical. 


perineal region is regular 


As the female 
widens in the middle of the body. the perineal region 
changes from hemispheric to plain. 


cuticular 


The change may 
cause expansion of the inner cuticular 


layers and a 
folding of the outer 


The perineal 
maturation of the. indj. 
viduals, and taxonomic examinations of perineal pat- 
terns should be limited to 
(e.g 


g.. egg-laying females). 


cuticular layer. 


pattern thus changes with 


females of a certain age 

Of the isolates studied. in the first generation some 
showed acrita-type patterns and others incognita-type, 
but most possessed intermediate patterns characteristic 
of neither type or else patterns 
that then. 


incognita could not always be distinguished from MV 


ranging from = acrita- 


to incognita-type. On basis. VW. incognita 


incognita acrita. 

Most of the isolates showed several specific pattern 
characteristics by which they could be morphologically 
distinguished from the other isolates. These specifi 
characteristics persisted from the first to the 10th or 
12th generation of the isolates propagated on 3 differ. 
ent hosts. This that at 


pattern characteristics may be 


least 


suggests 


some. of the 
genetically 


controlled 
!‘ropkin (4) reached a similar conclusion. 


The great 
rerineal pattern in the off 
spring of a single female. which in the absence of 


variation, however, of the 


males reproduces parthenogenetically (ameiotic type: 
unpublished data of the senior author). 


cannot he ex- 
plained on a 


that the 
may result 
from rate of development of the nematode. its position 
in the host tissue. and other 


genetic basis. It is 
reat variation in 


possible 


pattern characteristics 


factors. 


Patterns of most isolates distributed 


the limits of the incognita-acrita type. 


were within 

\ few isolates 
One had a high 
percentage of perineal patterns with very 


however, showed a greater variation. 


low arch, 

(nother 
isolate possessed rerineal patterns of acrita-type with 
many irregular striae. and a! 


atypical of either incognita- er a rita-tvpes 


<o patterns “ith some of 

VM. hapla. In 
resembled M. incognita. It at- 
tacked corn but not peanuts. and possessed the same 


the characteristics ot other 


resnrects 


however, the isolate 


and other evtologic al 


VW. incognita. 


chromosome number character 


Istics of 

All isolates exhibiting acrita-type perineal patterns 
failed to reproduce on resistant tobacco, whereas somé 
ef the isolates with incognita or intermediate-ty pe. pat- 
tens reproduced slightly. The differences 


isolates may be partly due to insufficient testing 


betwee! 
With 
more plants some egg masses might have been pro 
duced on resistant tobacco uy the 


other 
No correlation was found between perineal pattern 


isolates too 


a 
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nd ability to reproduce on cotton. Other workers (7, 
and é 


11) reported similar results. In addition, van der 


Linde (7) found root-knot nematode populations with 
ncognita-type pattern parasitizing Lycopersicon peru 


although. according to Sasser’s “host reac- 


should 


rianum L.. 


tion test” (10 reproduce on that 


they not 


species. 


Since morphological distinction between the sub- 


species Is often uncertain and perineal pattern gives 
little information on the physiological behavior of a 
present division of the species into 
It is 


exhibiting 


certain population 
2 subspecies seems to serve no practical purpose 
that all 
from 


therefore suggested populations 


perineal patterns ranging incognita- to acrita- 
type be considered one species, VW. incognita. Further 


offer 
mor phological 


nvestigations may additional information by 


which stable 
correlated to physiological behavior. 


characteristics can be 
Such correlation 
nav be found easily in populations of a certain geo- 


vraphical area, but is likely to be of little value for 


nopulations from diverse areas. Study of local popu- 
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lations may prove helpful to understanding root-knot 


nematode problems in the local area. In living organ- 
isms with a limited potential for migration and pre- 
dominantly parthenogenetic mode of reproduction, the 
local population may be the most important and useful 
taxonomic unit 


Successive transfers of several isolates on resistant 
tomato or tobacco yielded clones that showed increased 
reproductive rates on resistant plants. This suggests 
a physiological variation in the respective original iso- 


Winstead (9) 


which clones of the isolates 


lates. Riggs and reported similar re- 


sults Phe mechanism by 
developed under the selection pressure of a resistant 
host difheult to 


main mode of reproduction. 


variety is understand since ameiotic 
parthenogenesis was the 
at least 


\ttemrted crosses between isolates of M. incognita 


under the conditions of these experiments. 


failed, though that does not prove that amphigonic re- 


production can never occur Further investigations 


will be necessary before mode of reproduction in this 


species is clearly understood. 
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RY 
Information on the inheritance of the reactions of 


barley varieties Algerian (C.1. 1179) and Rieardo (C.I 


6306) to infection with cultures CR3 and 061 of Er) 
siphe graminis f{. sp. hor ind the inheritance of patho- 
venicity of those 2 culture mn those varieties Was 
used to determine the enotypes of the hosts and 
pathogens. Gene MI Algerian conditioned resistance 
to both cultures of the pathogen. Since the gene in 
Ricardo that mditioned resistance to culture CR3 
but not culture 061 was either allelic or less than 1 


crossover unit = tron \l was considered to be 
allelic and designated MI Culture CR3 had 2 
avirulent genes, A, and A complementary to resist 


Culture 061 had 
gene Ml 


resistant 


host 
to resistant 


ant genes MI. and MI nm the 
avirulent gene A, complementary 
and virulent mmplementary to 


gene MI,3 in the host 





Introduction. The ene has gradually replaced 
the variety as the unit-source of resistance in develop- 
Ing disease-resistant variet Information on race- 
gene relationship has le it possible in many cases 
to provide a wide race rage by combining specify 
genes. Mounting evidence of differential race coverage 
by various illeles of n gene or locus, however 
indicates that the gene should be replaced by the 
allele as a unit of resistance This refinement has been 


made possible by an accumulation of information on 


the genetics of host resistance through the utilization 
of selected races or culture of the pathogen 

Information accumulated on the genetics of resist 
ance in the host on erable but little is known 
about the venetr I irulence within the | ithogen 
New races could be predicted more easily if we had 
a clearer picture of the riation existing within the 
pathogens as well as the enetic basis of this vari 
ation. The plant breeder could then develop a positive 
approach in developi rieties that are resistant not 
only to existing trai the patho 
gen that might oce tl future 

This study differentiated between 2 allel condi 
tioning resistance to / I graminis Dd f. sp 
hordet Em. Marchal t eties of barlev bv utiliz 
ing cultures of the pathogen with differential pathogen 
icity The segre tior d interrelationship of the 
genes for reaction st and the es for 
pathogenicity in the thogen were determined. and 
the significance of the tio! i] discussed 

Review of literature. Schaller ind Briggs 11) 
and Mosemar nd Scha s) recently resented 


) 


SERIES Al 
ERYSIPHE GRAMINIS F. SP. 
DIFFERENTIATE 


\loseman and ‘:. 


LOCUS IN BARLEY 
HORDE! 


THE MI 
THESE ALLELES 


W. Schaller 


comprehensive reviews on the genetics of reaction of 
barley to powdery mildew. Only the informatio, 
pertinent to the present study is discussed herein, Ip 
1932 Mains and Martini (4) reported the Variety 
Algerian (CLL. 1179; accession number of the Cereg! 
Crops Research Branch. Crops Research Division 
to be resistant to North American races 1, 2, and 3 


Stanford 


Algerian to race 


of powdery mildew. Briggs and (1) found 


that the resistance in 3 in California 
was conditioned by one gene. which they designated 


Mi... 


genes that condition resistance to race 


This gene was inherited independently of the 
> in the follow. 


ing varieties: Ml, in Hanna (C.L. 906). Ml, in Gold. 
foil (C1. 928). MI, and Ml, in Chinerme (C.I. 1079) 


It was found, however, to be linked with the Ml. gene 


in Kwan (C.1. 1016). with a crossover value of A, aad 
1.780). In 1955 Schaller and Briggs (11) showed 
hat the MI, gene in the varieties Chinerme and 
Psaknon (C.I. 6305) was loosely linked with MI] 
with a crossover value of 41.52.7° They also re. 
ported that the gene in the variety Black Russian 
(C1. 2202) was allelic to the MI, gene in Algerian 
and designated it MI1.,2. Hiura et al (2) reported an 


allelic series of genes in the varieties Algerian and 
Black Russian, which they designated respectively 


Mi, and MI,,. They also found that the genes Ml, in 
ee and MI- in the variety Vaughn were 


either or closely linked with the Ml, allele in 


nigrum 
allelic 
\lgerian. 

The variety Ricardo (C.L. 
Newton and Cherewick (10) 


6306) was reported by 


to be resistant to several 


races of the pathogen. In preliminary studies, the 
junior author found (unpublished data) that the re 
sistance in Ricardo to race 3 was conditioned by a 
single gene, which appeared to be the same as gene 


Ml 


imparted. 


in Algerian except for the degree of resistance it 

This though in the 
was more striking in their 
to the ot in the 
In 1958. Moseman and Schal- 


difference. apparent 


derivatives. 


varieties, espe: 


cially with respect level dominance 


heterozvgous condition. 


ler (7) showed that the gene in Ricardo was an allele 
of the MI, gene. and designated it M13. They also 
found (8) that the gene MI.3 in Ricardo conditioning 
resistance to culture CR3 of race 3° conditions re 
sistance to cultures A8 of race 6. 28A1 of race 8, A 
of race 9, R11 of race 11. and CANI2 of race 12 
Moseman and Starling (9) reported that the same 


in Rieardo conditioned resistance to cultures BC 


vene 
of race 3. T4 of race 4. NC9 of race 9, and Vall of 
race 1] 

Phe interrelationship between the genes condition 
ing reaction in barley and the genes conditioning 
pathogenicity in powdery mildew has not been studied 


the 2 


\loseman 


and Ml... respectively conditioning reactiot 


nsively (6 has shown that for 
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Table 1.—Seedling reaction of F, plants and Fy; families from crosses of 8 barley varieties with Ricardo to infection 


with culture ‘ R3 of Erysiphe graminis hordei 


Parent Seedling reaction (number) Value of P 

or Kesistant Heterozygous Susceptible Expected for ratio 

Generation hybrid or segregating ratio indicated 

Ricardo HU) 

k Ricardo Manchuria 66 159 70 1:2:] 0.30 
} Ricardo Manchuria y 25 16 1:2:1] -0.30 
F Ricardo & Atlas 186 165 3:1 0.50 
k Ricardo Atlas 66 110 +4 1:2:1 0.10 
k Ricardo * Goldfoil 385 53 15:1 -0.10 
r Ricardo & Hanna 332 16 15:1 0.10 
} Ricardo Chinerme 4 2 63:1] ~0.10 
I Ricardo * Psaknon S71 15 15:1] 0.05 
i Ricardo & Kwan a79 0) 15:1] 0.01 
} Ricardo Kwan 58 0 7:8:] 0.01 
f Ricardo Algerian 66 0 re 15:1 0.01 
i Ricardo Algerian 00 0) 0 ree 0.01 


n the barley varieties Goldfoil and Kwan. there are 2 
complementary genes. V, and V,. for pathogenicity in 
the pathogen 

Materials and methods. Nine varieties of barley 
were used In this study. Eight of them Atlas (CLI. 
4118). Algerian. Ricardo, Goldfoil, Hanna. Kwan. 
Chinerme. and Psaknon—came from the source used 
in previous studies with California race 3 of powdery 
mildew. The other variety. Manchuria (C.1. 2330). 
obtained from G. A. Wiebe. was susceptible to both 
cultures CR3 and 061 of the pathogen. The variety 
Atlas was susceptible to culture CR3 
culture 061 


Ricardo was crossed with Atlas and Manchuria (sus 


but resistant to 


ceptible to culture CR3) and the other 6 varieties 
(testers for 6 of the genes conditioning reaction to 
Also crossed with 


Manchuria was Algerian. Segregation of the seedling 


culture CR3 of powdery mildew). 
reaction of F. and F progenies from these crosses to 
infection with cultures CR3 and 061 was studied. 

[wo cultures of powdery mildew. CR3 and 061, 
were used in this study. Culture CR3 originated as 
a subculture of the original culture of California race 
sand, therefore. should be comparable in pathogenicity 
to that culture. Culture 061 was obtained from a single 
ascospore from a cleistothecium on the leaf of a plant 
grown in 1956 at Ithaca. New York. 

The pathogenicity of these 2 cultures and of the 
progeny from a cross between them was studied. The 
technique of crossing cultures of powdery mildew and 
obtaining new cultures from cleistothecia was de 
scribed by Moseman (6). 

All tests were made on plants srowing either in 


greenhouse benches at about 70°F or in 


growing 
room at 66-09 F with 550 ft-e of light from cool. white 
fluorescent tubes tor 16 hours a dav. The methods ot 
inoculation and of recording the reaction of plants to 


infection were similar to those published in 1956 (5) 


The designat ons of the genes conditioning reaction 
in the host and conditioning pathogenicity in the 
pathogen are as suggested by Moseman (6 

Results.— Genetics of reaction in the host.—Table 
| shows the segregation for reaction to infection with 


culture CR3 of seedlings from the F. and Fy, gener- 
ations of crosses of Ricardo with Manchuria and Atlas, 
both susceptible to culture CR3, and with the 6 vari- 
eties used as testers for genes conditioning the reaction 
to culture CR3. 

The ratio of resistant to susceptible plants to infec- 
tion with culture CR3 in the F, population from the 
crosses of Ricardo with the susceptible varieties Man- 
churia and Atlas gave a good fit to the 3:1 or 1:2:1 
ratios expected for monofactorial segregation. Tests 
with the F 
gation indicated by the classification of F., plants. In- 


families confirmed the single gene-segre- 


complete dominance of the gene conditioning the re- 
sistant reaction in Ricardo was suggested by the 
presence of plants among the resistant portion of the 
F., population and in the segregating Fy progenies of 
planis that exhibited a moderate degree of brown 
flecking. whereas all the plants in the homozygous 
resistant F. families showed only an occasional fleck. 
When the resistant plants in the F, population of the 
cross Ricardo Atlas were separated into 2 groups 
by degree of flecking. there were 185 plants with a 
0-1 reaction, 301 plants with a 1+ reaction, and 165 
susceptible plants (type 4). This distribution gave 
a satisfactory fit to the 1:2:1 ratio and confirmed 
previous observations that the heterozygous plants 
could be distinguished from the parental type with a 


fair degree of accuracy 


The observed frequencies of F, plants with a re- 
sistant or susceptible reaction to infection with culture 
CR3 from the crosses of Ricardo with the tester vari- 
eties Goldfoil, Hanna and Chinerme showed satis- 
factory agreement with frequency expected with inde 
pendent segregation of genes conditioning resistance 

Since no plants susceptible to infection with culture 
CR3 were observed among the progenies from the 
crosses of Ricardo with Algerian, the gene for resist- 
ance in Ricardo is either the same as the Ml, gene. 
closely linked. or an allele. However, the phenotypic 
expression of the genes could be distinguished. The 
Mi, gene in Algerian produced a type 0 reaction and 
was completely dominant in expression, whereas the 


> 


cene in Ricardo permitted an occasional brown fleck 
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Segregating Susceptibl: Rati indicated 
( 
0 Ta 
654 
y lf }:2:] 30 
Y 73 5: ] > 0) H 
() 295 0:16 99 

ilue reported by Schaller and Briggs (11) for the 
Mi, and Ml, loci. 

Table 2 shows the segregation of seedlings from the 
I and » generations of crosses between the varietie. 5 
Algerian, Manchuria. and Ricardo for reaction to in ' 
fection with culture O61. 

The ratio of | homozygous resistant to 2 segregating 
to | homozygous susceptible families to infection 
with culture O61 from the cross of Algerian by Man. 
churia is the ratio expected if one gene in Algerian 
conditions resistance to culture 061. The reactions on 
the plants in the segregating families were similar 
to reactions on either Algerian or Manchuria. with no 
intermediate infection tynes observed. This indicated 
that the gene in Algerian conditioning resistance to 
culture 061 was completely dominant. 

The frequency of plants resistant and susceptible 
to infection with culture in the F. generations 
from the cross of Algerian by Ricardo fits the 3:1 ratio 
expected if one gene conditions resistance to culture 
061. The gene conditioning resistance to culture 06] 
would be that in Algerian. since Ricardo was. sus- 
ceptible to this culture 

Phe 295 - plants from the cross of Ricardo by 
Manchuria were all susceptible to culture O61. This 
was anti ipated. since both varieties in the cross were 
susceptible to this culture 

rents, F. plants, or F. families f rosses of barley varieties 
R3 ind OO] f Eryvsiphe gramur ; 
Reaction of parents rene conditioning 
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athoge ) ‘ntal and progeny cul 

Table 4.-Pathogenicity of paren get 
tures from the cross of cultures CR3 and 061 of Erysiphe 
eraminis hordei on barley varieties Ricardo and Algerian. 


Pathogenicity ot par 
number of 


Value of P 





Parent ents and 
, progeny cultures Expected for ratio 
wer Avirulent Virulent ratio indicated 
On Algerian 
CR3 \ 
061 \ 
CR3 & 061 24 () 1:1] 0] 
On Ricarde 
CR3 \ 
061 \ 
CR3 ¥ 061 1Y 16 i23 ov 
Genes in cultures (R3 and O61 condition avirulence 
ene Ml, in Algerian are identical or less than 4% 
rossover units apart 
Culture CR3 has gene conditioning avirulence and 
06] has gene for virulence complementary to gene MI.3 


Ricardo, 


lable } compares the observed seedling reactions 


of the parents, F. plants, and F; families from crosses 


of varieties Algerian. Ricardo, and Manchuria to in- 


fection with cultures CR3 and 061 
50 F. families from the cross of Algerian 


by Manchuria inoculated separately with both cultures 


Since the 
CR3 and O61 reacted the same to these cultures, the 
gene in Algerian that conditions resistance to culture 
061 is MI. allelic to MI. or 3° or 

from MI [he results of studies of the inheri- 
) 


tance of pathogenicity of the 2 cultures. 


less cTrossover4r 
inits 


to be discussed 


later herein, indicate that the Ml, gene conditions 
resistance to both cultures 

The F. plants from the cross of Ricardo by Man- 
churia segregated in a ratio of 1 resistant to 2 inter 


mediate to 1 susceptible te infection with culture CR3 
but were all susceptible to culture 061. Thus, it is 
apparent that 1 gene in Ricardo conditions resistance 
to culture CR3. and that this gene does not condition 
culture 061. The 


known conditioning 


resistance to relationship of this 


other resistance 


to Erysiphe graminis { sp. hordei cannot be determined 


gene to genes 
from these data 
All of the plants from the F. 


from the cross of 


and I 


Ricardo 


venerations 


Algerian with were found 


to be resistant to infection with culture CR3. but the 
F, plants segregated in a 3:1 ratio with culture 061 
This suggests that the 2 varieties have the 


Study of 


same gene 


conditioning resistance to culture CR3 pro 


geny from the cross of Algerian by Manchuria. how 


ever, showed that the gene MI, in Algerian conditioned 
both Therefore 
Ricardo is not gene MI, but a gene less than | 
over unit from Ml... and may be considered allelic to 
Ml,. This allele in Ricardo has been designated M13 


Genetics of pathogenicity in the pathogen Table 4 


resistance to cultures. the gene in 


cTOss 


shows the pathogenicity of the parental and progeny 


fultures tron the ft cult ires ( R and 06] ot 
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Erysiphe graminis f. sp. hordei on the barley varieties 
Algerian and Ricardo. 

Cultures CR3 and 061 were both avirulent on Alger- 
ian. Since the 24 progenies from the cross of cultures 
CR3 and 06] were all avirulent on Algerian, the genes 
in cultures CR3 and 061 conditioning avirulence on 
gene Ml, in Algerian are either identical, allelic, or 
less than 4% 


crossover units apart. 


Culture CR3 was avirulent and culture 061 virulent 
on Ricardo. The segregation of avirulent and virulent 
progeny from the cross of these cultures fits the 1:1 
ratio expected if the 2 cultures varied by 1 gene for 
The CR3 would 


have the gene A,3 for avirulence and culture 061 the 


pathogenicity on Ricardo. culture 


gene V.3 for virulence complementary to the 
MI,3 in 
Table 


t_e genes conditioning reaction in the barley varieties 


gene 
Ricardo. 

5 shows the complementary relationship of 
Algerian and Ricardo with the genes for pathogenicity 
in cultures CR3 and 061 
ship is valid whether the genes in the host are 
or different but than 1% units apart. 
If the genes are allelic. then Algerian has the Ml, 
allele at the A locus and Ricardo the MI1,3 allele at 
that locus, 


The complementary relation- 
allelic 


less crossover 


aviru- 
culture 


and both cultures have gene A, for 
M1; but 

CR3 would have the gene A,3 for avirulence and cul- 
ture 061 the gene \ 


lence complementary to the gene 


3 for virulence complementary to 


gene M13. If the 2 genes are distinct but closely 
linked, it would not be possible to determine—and 
would be immaterial—whether the gene M1,3 was 
dominant or recessive in the variety Algerian: the 2 


genes would be inherited as a unit, and the expression 
of gene Ml, would be epistatic to gene M1,3. 
Discussion and conclusions.__There is considerable 
information regarding the genes conditioning resistance 
to Erysiphe varieties 


graminis f. sp. hordei in the 


Aleerian and Ricardo. Both varieties had been resist- 
ant to all races or strains of the pathogen studied in 
North America previous to the isolation of culture 061. 
The g 
ture CR3 of race 
ling (9) 


conditions resistance to cul- 
Moseman and Star- 


rene in Ricardo that 
3 was shown by 
to condition resistance to cultures of 5 other 
Likewise. the Algerian 


races of the pathogen gene in 


interaction 
varieties Algerian 
in Erysiphe 


from the 
barley 


Table 5. — Infection resulting 
of genes conditioning 
Ricardo and the 


iltures CR3 


types 
reaction in 
genes for pathogenicity 
ind 061 


and 
gLraminis hordei ‘ 


Reaction from 


Genotype of host inoculation with 
if genes are genotype 
A. AS A. Vas 
(culture (culture 
Host Alle'i Senarate CR3) 061) 
Algerian Mi.MI Mi.MI R R 
Ricardo MI.3MI.3) omi,ml,:MI,3MI,3 R S 
With close linkag ess than 1% recombination) it 
vas not possible to determine and immateria! whether the 
ninant or recessive allele wa ent 
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conditioning resistal ture CR3 was found to variety Algerian it was concluded that the pathoge 
condition resist ime iltures (unpub- nicity of those cultures on Algerian was conditioned 
lished data) Studies y progenies Irom crosses by the same gene tor avirulence 2. 1 he sevrevgation of 
of Algerian and R do had indicated that the gene avirulent and virulent cultures from the cross of an 
conditioning resistance \lgerian was completely tures CR3 and 061 on Ricardo fits the ratio expected 
dominant, whereas the iditioning resistance in if one culture had the virulent gene and the other the 
Ricardo was incompletely dominant Therefore the avirulent gene for pathogenicity on Ricardo. Since 
genes in the 2 varieties appeared to react differently in culture CR3 was avirulent and culture 061 was Viru- 
the heterozygous condit {1 probably were different lent. then cultures CR3 and O61 have the avirulent 
genes. gene A.3 and the virulent gene V.3. respectively 

The following conclu in be made by ipplying complementary to the MI3 gene in Ric ardo, The 
the complementary gene-for-gene relationship between studies of the pathogenicity of cultures CR3 and 06] 
rust reaction in the host Linum usitatissimum L. and on Algerian and Ricardo showed that culture CR3 has 
pathogenicity in the flax rust fungus Melampsora lint 2 genes for avirulence, A, on Algerian and A,3 on 
(Ehrenb.) Lévy is proposed by Flor to the Ricardo; and culture 061 has the same gene A. for 
mildew reaction of Hor gare |. and the barley avirulence on Algerian and gene V.3 for virulence on 
mildew fungus Erysiphe nis {. sp. hordet. Studies Ricardo. By applying the gene-for-gene hypothesis, 
of the reaction of barley rieties Algerian and Ricardo Algerian has gene MI, conditioning resistance comple. 
and progeny from crosses of these varieties to infe¢ mentary to the avirulence gene A, and either the 


tion with cultures CR3 and 061 of powdery mildew 
would not only show the relationship of genes in these 
varieties conditioning reaction to these cultures but 
would indicate the differences in genes for pathoge 
Likewise studies of the 
pathogenicity of cultures CR3 and 061 and progeny 
\lgerian 


and Ricardo would not oniv show the relationship of 


nicity in these cultures 


cultures from the cross of these cultures on 


the genes for pathogenicity these 2 cultures on these 
varieties but would indicate the difference in the genes 


for reaction in these varieties 

From the inheritance of reaction of progeny from 
crosses involving Algerian if was cone luded that the 
gene Ml, in that variety conditioned resistance to both 
cultures CR3 and 061. Since no plants susceptible to 
infection with culture CR3 were observed among the 


F. and F Algerian by 


plants from the cross of 


Ricardo, it could be med that the same gene or 2 
genes allelic or less than | crossover units apart 
conditioned resistance to ulture CR3 in these 2 


» 


varieties. When progenies from the cross of these 2 
varieties were infected with culture 061. the segrega- 
tion of resistant and susceptible plants fits the ratio 


) , 


expected if the 2 varieties liffered by 1 gene Previous 


studies have shown that the gene MI, in Algerian 
conditioned resistance to lture O61: therefore. the 
gene in Ricardo could not be MI. but must be a gene 
allelic to 0 less f I rossover unit trom Ml 

This gene was designated M13 The studies of the re- 


action of Algerian and Ricardo and progenies from 


crosses of the se varieties tf nfection with cult Ires ( R3 
and 061 showed that gene MI n Algerian conditions 
resistance to both culture nd ene MI.3 in Rieardo. 
allelic to Ml.. condit sistance to culture CR3 
hut not to O61. By apply ene-for-gene hypothe 
sis. both cultures 1 t the avirulent gene A 
complementary to gene M n Algerian. and culture 


CR? must have the ilent gene A.3 and culture 06] 


the virulent ger \ emental to the gene 
Ml.3 in Ricardo 
From studies of the tance of pathogenicity of 


progenies from the cross of lture CR3 by 061 on the 


allele M13 or ml,3 of the gene conditioning the re. 
action complementary to the gene for avirulence A3. 
and Ricardo has the vene ml, conditioning suscepti 
bility complementary to the virulence gene A, and the 
gene M13 conditioning resistance complementary to 
the gene for virulence V3. 

The genes conditioning pathogenicity on varieties 
Algerian and Ricardo in cultures CR3 and O61, as indi- 
cated by the inheritance of genes conditioning reaction 
in Algerian and Ricardo on those cultures. were veri- 
hed by studies of the inheritance of the genes con- 
Studies of 


the inheritance of genes conditioning pathogenicity 


ditioning pathogenicity in those cultures. 


in cultures CR3 and 061 on Algerian and Ricardo 
indicated that different genes conditioned resistance 
to these cultures. that the gene in Algerian conditioned 
resistance to both cultures. and that the gene in 
Ricardo conditioned resistance to CR3 and = suscepti 
bility of O61. The evidence for the allelic relation. 
ship of the genes conditioning resistance in Algerian 
and Ricardo obtained by combining the results from 
genes conditioning the reaction to both 


y 
> 
) 


cultures CR3 and 061 was supported by determination 


studies ot 


of the most likely combination of genes conditioning 
reactions in the host that would be complementary 
to the genes conditioning pathogenicity in the patho- 
gen.—Plant Industry Station, Beltsville. Marvland, 
and Department of Agronomy. Agricultural Experi- 
ment Station, Davis. California. 
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SUMMARY 


Local lesions of tobacco mosaic virus (TMY\ on 
bean stopped growing about 2 days after inoculation. 
whereas local lesions of TMV on Vicotiana glutinosa 
continued to enlarge. No virus was detected in the 
tissue beyond the lesion \ zone of unparasitized 
tissue about 2 mm beyond bean lesions was resistant. 
but inconsistently so, to a second inoculation with 
TMV. No such zone was detected when the second 
inoculation was with alfalfa mosaic virus or tobacco 
necrosis virus. or when TMV-infected \. g/lutinosa 


Although TMV on bean 


normally caused no symptoms beyond the lesions. 3 


leaves were reinoculated. 


types of symptoms beyond the lesions occurred oc- 
casionally. and one type was induced at will by 
ippropriate heating of the infected leaves These 
symptoms show that the immunized tissue is different 
in other ways from the normal leaf tissue 





Introduction. Acquired Immunity is common. in 
animals but rare in plants, and in plants is confined 
principally to systemic infections with viruses (4). The 
present study, stimulated by a report (2) of acquired 
resistance following localized infection of Dianthus 
with carnation mosaic virus. has been abstracted (10) 

Methods.—The method most commonly used to 
demonstrate acquired resistance was to inoculate the 
primary leaves of beans (Phaseolus uwgaris var. 
Pinto) in strips. at 10 days from seeding. with a 


suspension containing 0.1‘ ground tissue of system! 


illy infected tobacco, and to reinoculate the same 
leaves 2 days later. but over their entire areas. When 


nfection from the second inoculation was inhibited 


close to infection from the first inoculation. but not 
nhibited close to control rubbed areas. acquired 
resistance is presumed to have beer nduced by the 
frst infection. The first inoculation on the carborun 
dum-dusted ipper leaf surfaces was by means of 
rubbing with a brush containing the virus s ispended 
in ] KuHPO,. and the inoculation was localized 
n 2 strips on one side of the midrib by means of a 
steel grid with slits 4 mm wide (Fig. 1 At the 
same time control strips on the opposite side of the 
idrib, but so on the upper |e . ce, were 


rubbed with a suspension of healthy tobacco in phos 
phate. For convenience the tissue adjacent to the in 
fected tissue is called immunized tissue and the tissue 
adjacent to the rubbed but not inoculated tissue is 
called control tissue 

It was desirable to use tissue adjacent to inoculated 
tissue, and not inoculated tissue itself in these tests, 
since the mere act of rubbing healthy bean leaves 
induces marked resistance to subsequent infection 
(Fig. 1-B). 

The criterion of infection was the formation of 
typical lesions, which on bean were angular to circu- 
lar. brown necrotic areas about 0.3 mm in diameter 
that result only from TMV infection 
he discussed later, which appeared beyond these 


Symptoms to 


typical necrotic areas, are not considered lesions. In- 
fection is not necessarily limited to lesions, but lesions 
are considered the only practical criterion of infection 
to be used here 

While reduction in numbers of lesions in_ strips 
} mm wide as a result of prior inoculation of the 
adjacent tissue has been the main criterion of ac- 
quired resistance, other criteria have been the distance 
from the first infection to lesions formed by the second 
inoculation, the size of the lesions resulting from the 
second inoculation, and the amount of virus formed by 
the second inoculation. These latter criteria have re- 
vealed acquired resistance. but were more laborious 
to use than the counting of lesions 

Results.— Localized acquired resistance The first 
trial of localized acquired resistance on beans (July 
3. 1952). showed partial acquired resistance, and 118 
later trials with about 1400 leaves over 7 years have 
not vielded a method that is consistently and highly 
effective. In the last 55 determinations in Berkeley 
on paired half-leaves. there were 5,011 lesions on 
the control tissues and 751 on the immunized tissues, 
or there was 85°) control as a result of immunizing 
inoculation. On all but one of the 55 leaves there 
were more lesions on the control than on the immun- 
ized tissues of the same leaf. Considering that the 
immunization process had to extend only 2 mm from 
the lesions to be completely effective by the method 
ised, it is believed that current methods of inducing 


icquired resistance are relatively ineffective 
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The localized resistance appeared specific for both was inoculated in strips at 8 a.m. on August 7, iney, 
host and virus No localized resistance was detected bated at 31 C in the dark from + P.M. August qt 
in similar tests with TMV on Nicotiana glutinosa. The t a.M. on August 9, reinoculated over the entire sur 
immunized tissue of bean inoculated with TMV was face at 6 a.m. on August 9. and left in the zreenhous 
not more resistant than the control tissue to alfalfa until the photograph was taken, on August 12. In 
mosaic virus or to tobacco necrosis virus, both of whie — this case there were 152 lesions in the control tissy 
cause local lesions on bean between the 2 rubbed but not inoculated areas, and 

Many attempts have been made to improve the only 15 lesions in similar but immunized tissue be. 
degree of acquired resistance The major variables tween the 2 inoculated strips. In this, as in many 


that have been tested are: age of leaves at time of — trials, the few lesions on the immunized tissue were 


first (immunizing) inoculation, variety of bean, time = mostly about half way between the margins of the 
from first to second inoculation, season, time of day inoculated areas. or were nearly 2 mm distant frop 
of first and second inoculation, detached leaves on the infected tissue. 

Various substr ita inoculation on upper versus lower Symptoms beyond the lesions. Normally there are 
surfaces of leaves, and variations in temperature dur- no symptoms apparent other than TMV lesions 0; 
ing the test Althoug no method was clearly Superior bean (central part of leaf of Fig. l) If tissue ad. 
to another, the specimen in Fig. 1 shows one of the jacent to the lesion is immunized by the localized 
best cases of acquired resistance observed This leaf infection, as reported here. it might be possible to 


- 
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ee 


es 


es 





i 


4 


+ 
Fig. 1-4.._1) Acquired resistance to TMV in Pinto bean. A) Infection from localized inoculation at 8:00 a.m., August 
1953. These lesions are larger than the others on this leaf, and larger than normal because the plant was incubated 

36 hours at 31 ¢ B) Position of the control rubs on August 7. The entire leaf was inoculated at 7:00 a.m... August 9 

Photographed August 12. The comparative number of lesions between the two A strip inoculations and between the tw 

B strip inoculations represents the comparative susceptibility of immunized and control tissues. The few lesions on the 


B areas indicate the resistance induced by rubbing. 2) TMV lesions from regular inoculation on July 14, 1955. Photo 
graphed July 21. Some of the TMY lesions are surrounded by killed, collapsed areas. Some of the collapsed areas are 
surrounded or partially surrounded by narrow dark zones. 3) TMY symptoms induced by heating. This leaf was inocu 


lated in the ordinary w »:00 p.m. February 9. 1957. heated 40 seconds at 50° ( at 7:00 a.m... February 13. and photo 


graphed on February 1 he normal tissue has become chlorotic from heat injury. There is a retention of green color around 
most of the lesions. Some of the infections, especially those in the distal part of the leaf, show a chlorotic zone of collapsed 
tissue between the lesior 1 the ring of green tissues. 4) Zonate TMV lesion (right center) on leaf inoculated on Octo 
ber 24, 1952. Photographed October 31. Most of the lesions are normal 
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differences be 
Four 


types ot symptoms bevond the lesions have been seen 


jemonstrate some other physiologic 


rween the immunized and the normal tissue 


The first type observed was a localized protection 


from smog damage, extending about 1 mm_ beyond 


the lesions | 13) 
4 second type (Fig. 2) shows necrosis and collapse 
This 


type was associated with a marginal breakdown of 


f tissue bevond or to one side of the lesions. 


leaves not asso¢ iated with virus infection, and for 


which the cause is 
TMV lesions have aggravated this breakdown. 


unknown. and it appears that 


The third type of symptom, the most striking, has 
heen induced at will. On bean leaves heated in the 
early morning to activate virus infection, a variety of 
symptoms have resulted. but all are considered one 
type here. On some leaves and with some lesions. 
the lesions appeared as green islands after the un- 
portion of the leaf had become chloroti 


Fig. 3). rhis type of 


infected 
from heat injury (10, and 
green-island effect is best known with obligate para- 
sites, sué h as rusts, where there is known to be a 
marked accumulation of starch around the lesions 
4 similar but lesser accumulation of starch has been 
TM\ 


green island was contiguous with the TMY\ 


demonstrated around lesions. Typically the 
lesion 
but In some Cases there was a zone of chlorotic col- 
lapsed tissue between the lesion and the ring of green 
tissue. In a typical case the lesion proper was about 
0.3 mm in diameter. concentrically surrounded by a 
dark 


chlorotic zone about 1.3. mm in diameter. a 


necrotic zone about 1.5 mm in diameter, and a green. 


zone about 4 mm in diameter. The diameter of the 
area expressing symptoms was thus about 10 times the 
diameter of the lesion, or 100 times its area 

{ fourth type of symptom was a ring of brownish 
leaf tissue about 1 mm wide and starting at about 
1 mm beyond the lesion (Fig. 4). Neither the brown 
tissue nor the green tissue jt enclosed showed any 
apparent breakdown. No method of inducing the sec- 
ond or fourth type of symptom is known, and both 
have been seen only rarely. 


Lac k ot othe i 


simplest and expected explanation of the 


changes beyond the lesions.—-The 
localized 
acquired resistance described here would be that there 
is Virus in the immunized tissue beyond the lesion. 
Several attempts have failed to confirm this. but it 
cannot be exc luded. 

Antibodies were considered, When suspensions ot 
immunized and control tissue were added to TMY\ 
suspensions and these then used as inoculum. no 
signihcant differences were seen in the numbers of 
resulting lesions. 

When suspensions of immunized and control bean 
leaf tissue were added to strips of filter paper by the 
method of Hodes et al (3) and the bases of the strips 
immersed in a virus suspension, the TMV passed the 
dried or undried deposits of immunized tissue as well 
as the deposits of control tissue Cleared and un- 
cleared suspensions of immunized and control tissues 


were added to purified and unpurified suspensions of 
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TMV. 


standing 


No reaction was detected immediately or after 
When the mixtures were heated 10 minutes 
to 55 or 60°C, the suspensions with immunized tissue 
sometimes showed a precipitate earlier and in larger 
amounts than the suspensions of control tissue, but 
this could not be repeated at will. 

Enlargement of lesions.—Since acquired resistance 
was demonstrated with TMV on bean but not on V. 
slutinosa, it is appropriate to compare infections on 
these 2 hosts. Lesions on both hosts appeared in about 
conditions. 


prevailing greenhouse 


Those on bean reached a diameter of about 0.3 mm 


Ww hereas TMV 


mm at 2 days 
at 7 


26 ~bours under 
and ceased growth at about 2 davys, 


lesions on \V. glutinosa were about 0. 


7 
7 days 


and continved to increase to about 2.7 mm 


(Fig. 5). This might infer that acquired resistance 
here is associated with a checking of the enlargement 
of the lesions. In further support of this, TMV lesions 
on bean at 31°C continued to enlarge and commonly 


reached a diameter of 2—4 mm in 6 days. 


In heavily 
at 25° (8) the virus advanced 
about 
been detected 6 mm from the point of inoculation. In 
these conditions where the TMY 
enlarge, no localized acquired resistance was demon- 
strated. 
Discussion. 


rusted bean leaves 


} 


through the tissue at 1 mm per day and has 


lesions continued to 


acquired resistance, which 
demonstrated with carnation 
mosaic virus (2), weaker 


with TMV on bean in this study, with TMV on hyper- 


Localized 
has been so strikingly 
was quantitatively much 
sensitive tobacco (5). and with rust infection on bean 
(11). That localized acquired resistance may be a 
common phenomenon is indicated by Gaumann (1, p. 
280) and Wingard (9, p. 173), but the 
is commonly not mentioned in reviews of acquired 


phenomenon 


immunity (4), and is here considered a minor aspect 
of disease resistance. 

Localized acquired resistance is probably of great- 
est importance with virus infections, and it may play 
a part in many siiuations where it could not be demon- 





strated by the methods used here. TMV normally 
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Fig. 5.—Growth in diameter of TMV lesions on bean 
and on Nicotiana glutinosa. The cessation of growth of 
lesions on bean is believed to be a necessary requirement 
for localized acquired immunity. No localized acquired 
immunity was detected in VV. g/utinosa when the Jesions 


enlarged at a constant rate. 
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than was normal tissue.—Department of Plant Patho} 
ogy. University of California. Berkeley 
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PERISTICS OF SWEETPOTATO MOSAT( 


Elmer 


mained infectious 3 vears. This virus remained infee- 


tious after being heated 10 minutes at 85°C but not 
it 90 C. Virus concentration is high in the sap of 


infected tobaceo leaves. as indicated in necrotic lesion 
production on \, glutinosa by dilutions up to 10~' 
Virus concentration in the fleshy roots of infected 
sweetpotatoes is. however. low and infection is not 
completely systemic. SMV and tobacco mosaic virus 
1 (TMV) apparently are strains of the same specify 
virus. Both remain infective for years in nonsterile 
f tobacco, both have a similar thermal inactiva- 
tion point. and the dilution endpoint for infection in 
sap from infected tobacco leaves is similar for both 


he two viruses are antagonistic, they have common 


antigens serologically. and the particle size and shape 
. 


ot bo 


1 are similar in electron microscopy 





\ mosaic disease of sweetpotato. Ipomoea batatas 
Lam in the United States. commonly referred to as 
sweetpotato mosaic, causes serious disability to ID 
fected plants but has been of only slight economic 


portance because of the few plants infected. In 


fection incidence has never been more than a trace, 


ind was always scattered in the field This disease 


tas been observed by the author in Kansas in Nancy 


| 


" 1 ) 
Hall or in the mutant varieties Naneyv Gold and Red 


Nancy every year from 1927 to 1959. Notes on the 
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Fig & Red Naney sweetpotato plant lett} infected 

vith sweet pe saic by core-gratt inoculation. Control 

i right vrafted with noninfected fleshy root 
, : a 

jisease have been published since about 1919 (2) 


it it had not been investigated intensively Phe 
studies reported here were made to learn the cause 
ind characteristics of this disease. 

Failures to transmit sweetpotato mosaic were re- 
ported by Weimer (7) and by Harter and Weimer 
who concluded the disease was not caused by a 


virus. Martin $) suggested a genetic origin Rosen 


5) reported transmission and symptom development 
n aboveground plant parts to 2 plants following hypo- 


dermic injection of infective sap and to 2 plants afte 


rubbing their leaves with macerated diseased foliage 


Elmer (1) reported transmission from inte ted to 
noninfected sweetpotato plants through grafting and 
through sap inoculation from infected fleshy roots 


to tobacco. 

Symptoms and effects. Vlosaic-infected sweetpota- 

plants (Fig. 1) are smaller than normal. upright 
nd bushy. with shert internodes and a short vine 
growth (5). The leaves are strikingly abnormal. being 
stunted and malformed and developing small. irregu 
ir. distinct or diffuse spots or stripes of vellowish or 
gravish green ss 

Mosaic-infected Naney Hall. Naney Gold. and Red 
Nan \ 


shaped fleshy 


regularly 
Nonin 


contrast. may have ridged surtaces, 


plants produce smaller and more 
roots than do healthy plants 
fected roots. in 
may grow to large size. and are characteristically 
rregular in shape 

Mosaic-infected sprouts were observed developing 
is frequently from hill-selected as from inselected 
seed stocks. Instances were noted where sprouts with 
nosaic symptoms developed in the hotbed from roots 
plants that lacked 


Virus transmission had occurred 


produced by mosaic symptoms. 


field. but 
le veloped 


In the 


symptom expression in the plant had not 
frowing season. 


in the plant bed has occasionally 


t 


been noted either on some or on all sprouts from a 
Since infected sprouts appeal ibnormal. 
n time. Dut 


ially discard them at plan 


some may be overlooked and included for field plant- 
fleshy roots produced by infected 


unt for all the current-season 
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plants with mosaic symptoms in the field. 
Materials and methods. 


of desiccated leaves of tobacco infected directly from 


Sweetpotato mosaic virus 


inoculum used in host-range studies consisted 


sweetpotato fleshy root Tebacco mosaic virus | 


(TMV) 


tobacco infected with dry 


inoculum consisted of desiccated leaves of 
leaf-tissue inoculum. ob- 
tained from the Wisconsin Agricultural Experiment 
Station and labeled “TMV-severe strain” by Dr. James 
Johnson. These virus bank inocula were stored dry 
under refrigeration 


Mosaic 


vraiting 


transmission attempts were made both by 
and by inoculations with infective plant sap. 
Sprout splice-graft inoculations were made by slic- 
ing about l-in. strips of outer stem tissue from both a 
(Fig. 2). 

) 


tving the sliced surfaces of the 2 sprouts together 


mosaic-infected and a noninfected sprout 


with rubber strips. and planting each grafted pair in 
a pot 

Mosaic-infected leaf 
noninfected fleshy roots of Red Nancy. 


grafted into 
Petioles cut 


petioles were 


to a V-shape were inserted into V-shape holes punched 
into the root, after which the injured surfaces were 
painted with graft emulsion. The graft-inoculated 
roots were kept in a warm moist chamber about 10 
days and planted in moist sand 
Core-graft inoculations to fleshy roots were made 
by removing a core of tissue with a cork borer from 


a mosaic-free sweetpotato fleshy root and replacing it 


* a 


» \ 





Fig. # Technique ol eplice vrTra ng sweetpotato sprouts 
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with a similar-sized core of mosaic-intected root tissue mosaic sprouts and others did not. In a 1955 test, fo 
Inoculated roots were eld about 10 days in a warm example, with 4 roots from ea h of 7 proved MOsaie. 
moist chamber and the lanted in pots infected Red Nancy plants. sprouts exhibiting mosaj 
Plant-sap inoculations were made by first dusting symptoms developed from only 9 of the 28 sweep. 
the surfaces to be inoculated with 600-mesh silicon potatoes. Some individual roots borne by infected 
dioxide abrasive powder and then gently rubbing this plants produced both mosaic-infected and mosaic-fre 
surface with a cottor |) saturated with sap from sprouts. The symptomless sprouts were propagated 
the macerated leaves, stems. or roots of the donor and appeared not infected because in no case did 
plant. Sap from sn eces of infective tissue was mosaic symptoms develop in any of them or in sprouts 
used as inoculum after the tissue was macerated in a produced by them. 
drop of water on ground glass and then picked up on Core-graft inoculations of mosaic-infected fleshy roo, 
a motst cotton swal tissue to noninfected Red Nancy sweeetpotatoes fe 
Adequate healthy contr were provided through -ulted in infection and in development of mosaic symp. 
out, and care was taker iwoid virus contamination toms in some, and occasionally in all sprouts produced 
of experimental plant SMV ind TMV-inoculated (Fig. 1). Sprouts in which mosaic symptoms were 
plants were kept isolated from each other and from evident appeared 6 weeks or sooner after core-gratt 
noninfected seedling plant Identity of SMV or TM\ inoculations. Infection symptoms occurred — earlier 


was corroborated by lifferential host reaction to 


petunia as described below 
Numerous 


transmit 


Transmission to 
1953 to 1957 


sweetpotato. attempt- 


from failed to sweetpotato 


mosaic by leaf-sap inoculations from infected to non- 
infected sweetpotato plants The susceptible varieties 
Nancy Gold and Red Nancy were used. The inocula- 
tions were made by rubbing infective sap onto leaves 
dusted with silicon dioxide as described above. After 


plants grew 2—6 months without symptom deve lopment. 


they were discarded. Some of the plants produced 
small sweetpotatoes. These produced sprouts when 
planted, but none developed mosaic symptoms 
Mosaic inoculations splice-grafting healthy with 
mosaic-infected sprouts were made every year from 
1953 to 1958 during March and April. Mosaic symp- 


throughout the summer in the 


remained evident 
infected 


toms 


previously portions of these plants. but no 


such symptoms developed in the leaves of the graft- 


inoculated portions. either in the current growing 
season or later. In 1955, 50 Red Nancy graft-inocu- 
lated plants grown in the field from May to October 
were taken up and their crowns planted in pots. These 
plants grew in the greenhouse until May. 1956. when 
the surviving 43 plants were again grown in the field 


until October. In no case 


on the 


lid mosaic symptoms develop 


graft-inoculated aboveground portions during 


the 18 months Mosa ( “Vil ptoms did. howe ver, occur 


in sprouts produced by progeny fleshy roots of the 


vraft-inoculated plants 


Progeny sweetpotatoes produced by the mosaic-in- 


fected and the inoculated portions of grafted plants 


were kept separate at harvest time and were planted 


for sprout production in the greenhouse. Mosaic symp- 
toms developed in some sprouts from fleshy roots borne 
by both the 
had 


of the graft-inoculations 


inoculated scions.  In- 
fleshy 


though 


infected and the 


fection occurred in the from some 


had 


roots 
even symptoms 


not developed in the aboveground plant 


Mosai 
progeny sweetpotatoes borne by some inoculated plants. 


infected 


symptoms lid not occur in any of the 


though attachment to the scion 
unbroken Also. some 


sweet potatoes 


even mosalt 


was graft-inoculated plants 


~Ome at 


whict preduced 


produced 


with this method than with sprout-graft inoculations 
Sweetpotato varietal susceptibility. Only the variety 
Nancy Hall and its mutant varieties. Nancy Gold and 


Red Nancy. have been observed with symptoms of the 
sweetpotato mosaic disease in the field. Graft-inoculs 
April, 1954. to plants of the vari 
eties Kandee. Porto Rico. and Orlis 
Little Stem to determine their re. 
Ten Kandee. 10 Porto Rico, and 
graft-inoculated 


tions were made in 
(a mutation var. 
ietv from Jersey) 
action to this virus. 
20 Orlis sprouts 
infected Red Nancy 
pots. these plants were grown in the field until Octo. 
harvested. N 


mosaic symptoms appeared during the summer in the 


were with mosaic. 


sprouts. After starting growth in 


ber. when their progeny roots were 
aboveground plant parts that developed from the graft- 
inoculated scions, but mosaic symptoms remained evi 
dent throughout the summer inthe infected Red Nancy 
portions of these plants. The fleshy roots borne by the 
Kandee. Porto 
plants were planted inthe greenhouse and all produced 


Mild 


leaves of some 


graft-inoculated Rico. and Orlis test 


sprouts. mosaic symptoms developed in_ the 


Kandee sprouts. but ne symptoms de 


veloped in the Porto Rico or Orlis plants. 


Grafts were made between sprouts from mosaic: 


free Red Nancy sweetpotatoes and from the progeny 
roots of graft-inoculated symptomless Orlis plants t 
discover whether Orlis is immune or is a symptomless 


carrier of this virus. Mosaic symptoms developed or 
sprouts from some ot the progeny roots of the grafted 
Red Nancy plants. indicating wat the Orlis plants 


though symptomless were actually infected. 


Sweetpotato mosaic inoculations to tobacco and 


back to sweetpotato.—- Though tobacco. Vicotiana taba- 


cum L., is susceptible to many specific mosaic viruses, 
repeated attempts failed to transmit SMV to this plant 
through sweetpotato  leaf-sap inoculations. Stem 


vrafting inoculations between stems of mosaic-infected 
sweetpotato and mosaic-free tobacco plants also failed 


SMV was transmitted to Geld Dollar and Havana 
8 tobacco by leaf inoculation of these plants with 
sap from infected fleshy sweetpotato roots. Such in 
fection was obtained in about 10° of the inoculated 


plants in 13 attempts in which inoculations were made 


to 65 tobaceo plants. In one attempt. in which 9 
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Table a Results of parallel inoculations of sweetpotato and tobacco mosaic Viruses (SMV and TMV) to various 
hosts. 
Host SMV infection responses MV infection responses 
Lycoperst« ne ilentum | nosal mosalk 
Gomphrene globosa | nosalk mosal 
Vicotiana tabacum L. loOsaic mosaic 
\. glutinosa L. ocal necrotic lesions local necrotic lesions 
y. megalosiphon H. & M local necrotic lesions mosaic, vellowing, necrosis 
VY rustica I local necrotic lesions vellowing, necrosis 
Petunia hybrida Hort. local necrotic lesions nosak 
(apsicum annuum s necrosis nosale 
Solanum melongena | local necrotic lesions symptomless carrier 
Physalis alkekengi | symptomless carrie! symptomless carrier 
P. trance hetii Mast nild mosai (no data) 
Physalis sp. (Mayan husk tomato) local necrotic lesions mosak 
Vinca minor | local non-necrotic lesions local non-necrotic lesions 
Datura stramonium L, not infected local necrotic lesions 


tobacco plants were inoculated by rubbing sap from mosaic leaf symptoms in Gold Dollar and Havana 38. 


infected fleshy roots on abrasive-dusted leaves. 3 de- The first recognizable symptom of SMV infection in 
veloped mosaic symptoms. In 3 other attempts. | each Havana 38 leaves is chlorosis at the point of inocula- 
if the 5 inoculated tobacco plants became infected. tion (Fig. 3). A milder chlorosis of other older 
[he experimental plants were grown in a greenhouse leaves was frequent. Immature leaves and leaves pro- 
it near 80°F. Mosaic symptoms became evident in duced after infection, developed mosaic symptoms 
the tobacco plants in about 4 weeks. similar to those caused by TMV infection. 

The virus was transmitted back to sweetpotato by Both viruses prevent normal chloroplast produc- 
grafting mosaic-infected tobacco-leaf petioles into tion in the developing leaves of infected plants. but 
fleshy roots of Red Naney sweetpotatoes by the method SMV also destroved developed chloroplasts in Havana 
previously described. This resulted in infection in 3 38. particularly at the site of infection (Fig. 3) 
of 5 attempts. in which 5 of 25 inoculated roots pro \s noted in Table 1. Vicotiana glutinosa L.. N. 
juced mosaic sprouts. In one attempt. 3 of the 5 megalosiphon, N. rustica L.. Petunia hybrida, Solanum 
noculated roots developed sprouts with some exhibit. melongena L.. and Physalis sp. (Mayan husk tomato: 
ng mosaic symptoms. and in 2 attemnts mosaic symp- brought from Guatamala by Dr. I. E. Melhus) are all 
toms developed in sprouts produced by 1 of the 5 hypersensitive to SM\ Small. dark necrotic lesions 
noculated roots developed in the leaves of these plants at the points 

Sap transmission from SMV-infected tobacco leaves of inoculation. Infection symptoms of TMV on NV. 
to fleshy roots of Red Nancy was unsuccessful in a megalosiphon, \. rustica, and petunia, by contrast 
test in which the infective sap was rubbed through consist of mosaic leaf symptoms. Petunia. \. megalo- 
ibrasive powder into the skin of 20 roots. Two sue- siphon, and Mayan husk tomato can all be used as 
essive inoculations were gnade on the same roots at differential hosts to confirm the identity of the virus 
week intervals. Mosaic symptoms did not develop in’ infected plants. SMV infection produced small, 

sprouts that developed in the greenhouse. later in dark necrotic lesions in the leaves of these plants 

¢ plants in the field. or in the sprouts trom progeny 
-weetpotatoes 

Host-rarge studies. S\VIV) was transmitted to 14 

plant species in addition to sweetpotato Table ] 


All of these species are susceptible to TMV. Plant 
reactions to SMV and TMV were similar in some 
lst plants and widely different in others. The re- 
ction of all hest plants to SMV was the same no 
matter which plant species the infective sap came 
ron 

Confirmation as to whether SMV or IMV was pres- 
nt in infected plants was obtained by differential host- 
plant reactions of Petunia hybrida Hort. and Vico 
ana megalosiphon H.&M.. as described below 

SV\ 


Is as easily tr insmitted from tobacco to tobacco 





isis TMV. Inoculations of both viruses from tobacco 
to tobacco resulted in practically 100° infection. and 
Fig. 3. Symptoms of sweetpotato mosaic virus infection 
in tobacco. Left: Destruction of developed chloroplasts at 
S\ points of inoculation in Havana 38. Right: Inhibition of 
1\ and PMI both Ca ised -Vvstemi infection and hierop ist development following intection in Cold Dollar. 


e incubation period ot hoth was about d davs at 


temperatures near 80°F 
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leaves. No lesions developed trom ino ulum heated at me 


Thus. the thermal inactivation point fg rat 


SVIV heated between 85 and 90°C, 


10 minutes Is 


s 


Comparisons of sweetpotato and tobacco MOsai¢ 
viruses.— To obtain information on the relation be po 
tween SMV and TMV. investigations were made 
their serological behavior and their antagonism 
plant tissues. pol 

Serological.—Antiserum produced in animal blood } ol 
by ar intigen. such as a plant Virus, reacts not onl | 
ivainst that plant virus. but also against other strains 
of the same specific virus S 

Antisera prepared in rabbit blood against T¥\ 
were mixed with centrifuged clariMed sap from SM) sul 
infected tobacco leaves and. reciprocally. antisera sv 
prepared against SVIV were mixed with centrifuge So 


! 
icco (antisera 


Plant Pathology. Uy 


iruses were dil ited 1:] 


sap of TMY-infected tob 


were pre 
the Department of 


Nebraska Both 


pared by 

versitv of 

1:80 
Adding 


precipitate at 


resulted in 
Adding SM\ itt 
resulted in a precipitate - 


each other's Mi 


SMV 


and 1:20 dilutions. 


rMYV antiserum to 
1:10 
iserum to TMV 
10 dilution. 


sd} 


antigen 


at the | 


The reactions against 


intisera indicate that SMV and TMV are strains of du 
one specihe virus 

Sill, Lal ind del Rosario (6 also renorted ser 
logical studies of SMV and TMV in which antiserum 
produced against each virus precivitated the othe 
virus. These investigators. through electron-microscope 
studies. found that the virus particles of SMV ar 
PMV are similar morphologically. 

{ntagonism.—Strains of a specific virus are antag 
onistic to each other and cannot both infect the same 
plant cells. Antagonism between two viruses therefor 
is evidence that these viruses are strains of a specif p 
virus 

Petunia plants systemically infected with TMY and 

ry 


exhibiting severe mosaic leaf symptoms developed n 


inoculated w 


necrotic lesions when the leaves were 
SMV. In one test 10 leaves each of 10 petunia plants 


infected with TMV 
petul 


and 10 leaves each of 5 nonintecte 
ulated S\IN by leaf-sa 


lesions developed on none 


nor with 


a plants were 
Local necrotic 
PMV-infected plants. but de 


abundantly on all inoculated leaves of 


inoculations 
oft the LOO leaves ot the 
veloped 
controls No necroth lesi ms develope 


noninfected 


on leaves of TMV-infected V. megalosiphon plants 
noculated with SMV 

Discussion.—- The data obtained conhrm that te 
Virus of sweetpotato mosale is a strain ot Toba : 
Virus I. These 2 viruses are antagonistic within tissues 
of common host plants, they are similat intigenically 


ind their particles are similar in size and shape ( 


characteristics include similar resistal 


Other like 
t hermal inactivation. longevity in vitro, and | 
ee ' 
he effects of SMV and TMV on common host plant 
ea ilar for some plant -pecies it widely differer 


some plants S\I\ causes more sevett 


devel 


PMI [his is indicated by 


does 








} 


Vector 


1960 


e! HOLTON AND DIETZ: HAPLOID 


Vol. yi 


lesions indicating nv] 


Pated a nent of i Poul ersensitivity 
ONT for ther than the milder mosaic symptom reaction that 
c ' results from TMV infection 

MOSaie Infection ( iracteristics and reactions of the sweet 
tion be tato plant SMV are distinctive. Transmission of 
nade of this virus to sweetpotato was icon plishe d only 
hism yp through grait brian ilations. Sap of cr ished sweet- 


0 plant tissue. excepting that of the fleshy 


tat roots 
il blood tains a substance that is inhibitory to infectivity 
10t oF this virus. and infection with sap from these plant 
strai ts was never successful. The inhibitory substance 
s not prese in sap oft fleshy roots. and through 
t TM\ noculation of fleshy root sap. virus transmission was 
n SM\ success! il to tobacco The virus may not be ¢ omplete ly 
intiser systemic in the fleshy roots borne by infected plants 
trifuge Some but not all sweetpotatoes borne by an infected 
re | t \ ntain the virus. and only sor of the 
vy. | ls of i | fleshy roots may be infected and 
d 1:] duce )s fected sprouts. 
\boveground ortions otf gratt-ine lated plants 
ed ir did ex! osaic symptoms when continuously 
S\\ ittached 18 onths by gratt union wit! in infected 
‘C1pitate or that continued to exhibit mosa symptoms 


other's developed only i sprouts = pro- 

ains of duced by progeny fleshy roots of the ge ft-inoculated 
nt 

d se No infor was obtained concerning virus con 
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é SUMMARY 
ae \ ises were observed in which let factors that 
™ revent haploid growth of oat smut sporidia were as 
=e ited wit sorus type The let | expression was 
but d itive in 92 of the isolated sporidia observed in 
ot t ses tvpe whereas only 59°, of the isolated 
velope ’ - t bio lected the influence 
niles « 
~ Systematic study of genetic relationships in the smuts 
robar . some : pered by haploid-let elements 
tiss reve g vth in culture media e various 
nicall es. the effects of haploid lethal deficiencies range 
pe ( VsIs e entire promyceli t ed bud 
sista g. or other saprophytic develoy t me o1 
The lethal effect expressed d lding 
t plas I erist f the oat smuts (f g enae 
Te s.) Ros nd l ert Wille wn haploid 
cove Xpress s ve been observed in s es is (3 
level , pes within spe cs “ In some 
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LTHAL FACTORS IN OAT SMUT 


centration in sweetpotato leaves and stems, because 
sap transmission from these plant parts was never 
successful \ much lower concentration of SMIV 
occurs in infected fleshy sweetpotato roots than in 
tobacco plants that were infected with sap trom these 


roots lt be that the inhibitory substance within 


may 


the sweet potato plant may also cause the production 
oft a low virus concentration and it may be the cause 
for the incomplete svstemi invasion of sweetpotato 
fleshy roots 
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tLS TYPES OF OAT SMUT 
and S. M. Dietz 
cases up to 98° of the sporidia do not develop. and 
in others 50% do not (4 In either case a systematic 
genet study of specine characters is prevented, he- 
cause the haploid-lethal expressions in sporidia elimi- 
te some of the potent al venet populations This 
problem was encountered in a recent attempt to estab- 
lish the inheritance pattern for the sorus types in cet! 
tain | lotvpes ol the oat smuts (6 
The oat smut species produce several distinct mor- 
phologi types Ustilago avenae isually produces a 


inflorescence. 
black, 


inflorescence 


powdery sorus confined to the 
ti 


rownish 


I= she > produces ad 


variant biotype ol | | 


likewise 


confined to the 


indurate serus 

ind inherited as a simple recessive in crosses with the 

brown, powdery. type > Another biotype of [ 
nae that produces black. indurate sori in both the 


I tissues 


this 


nfllorescence and its enve loping sheath and lea 


Fig. 1) was recently encountered. The spores of 


sorus type were used for an attempted study of its 
mode of inheritance 
Buff smut i mutant f l } f (4 normally 
erts all florets of a spikelet into indurate sori that 
f enclosed by the outer glumes. Several vari- 
ms ott = sorus type Nave heen encountered In one 
type the apical floret is converted into a sorus and the 
re ! florets are sterile (Fig. ] An attempt was 
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of budding. as expressed in the production of 2-9 
sporidia. At this point budding ceased and lysing » 
curred. These varying degrees of lethal expression, g 


exhibited by the four primary sporidia from one spor 
along with the non-lethal expression of one sporidiuy 
are illustrated in Fig. 2. The effect was immediate o& 


one sporidium, delayed to the first budding on another 


and delayed for several generations of budding on 


third. whereas the fourth sporidium continued buddin 


Phe lesser degree of lethal influence on haploid 


vyrowth eX} ressed in sporidia trom spores of the buf 


smut Diotype was evident in the development ot 40 


single primary sporidia. representing sets of 4 fron 


100 spores. Only 215 (54°07) of these were lethal, as 
exhibited by immediate or delayed inhibition of bud 
ding. The remaining 45 of the isolated primar 
=poridia produced normal monosporidial cultures. Thy 


ittern of lethal to non-lethal expression in each set 


of 4 sporidia was 2:2 in the great majority of cases 
81 of 100) There were » Other patterns: all letha 
ae 
7 
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Fig. 2. P iomicrograpl istratior f differentia 
+, et I eT wtt ire f tw sete ry + isc ate 

ry sporidia ft oat s its. Left and center: Tw 
stages in the development e set } sporidia of t 
( & é é tvt { ss the eat ts 
:, showing, bott t p, delayed ion of budding 
. WO SI l it I f budding 
Right: One s« f4s spore of a bua 

, tvne tl rod = Gonete 
showing the lethal effects I nay 1 g wit I two 
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lethal in 3 sets. and 3:1 lethal to non- 


The predominant 2:2 pattern is illus- 


in 5 sets. none 


lethal in 11 sets 
trated in Fig. 2 

Pathogenicit 
of the two sorus types involved in this study obviously 
with the lethal 
both tyres 
Nor 
tween the lethal and sex compatibility factors. at least 
n the U. avenae 


factors 


ind sex compatibility.—Pathogenicity 


< not associated influence on growth 


since can be maintained by 


In ¢ ulture. 


spore Ino ulation was there any association he- 


biotype. Both plus and minus com 


patibility were represented in about equal 


25 monosporidial lines of this biotype 
isolated. 


comnatible 


numbers in the 
obtained from 308 primary sporidia that were 


High infection levels were obtained with If 


nairs of these lines. nene of which produced sori in 


the leaf tissues. The significance of these results is 


ot immediately apparent. although a pos-ible linkage 
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is indicated between the haplo-lethal factor and the 
sorus type involved. 
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SUMMARY 


Five years of study indicate that sweetpotato feathery 
mottle is a virus complex of 3 diseases: Yellow dwarf 

Vanus ipomoeae). internal cork (Lethum rhizospil- 
um). and leafspot (Phyllospilum ipomoeae ). The yellow 
dwarf component is naturally transmitted in Maryland 
by the abutilon whitefly (Trialeurodes 
whereas internal cork and leafspot are transmitted by 
aphids (Myzus persicae, Macrosiphum solanifolti, and 
Several United States sources of yellow dwarf 
virus (Beltsville feathery mottle, California feathery 
mottle. Georgia mosaic, and New Jersey vellow dwarf) 
shown to be graft- and whiteflv-transmissible. to 
symtoms 


abutilonea) 


others ) 


were 
essentially the same vein-clearving 
on indicator plants. and to have the same incubation 
All the virus isolates of yellow dwarf appear 
though none is as chlorotic or st»nted or 
feathery mottle complex of three viruses. 


I rodu e 
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reriods 


i injur 
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ious as tre 





Field diseases and * ro 


marketable cron of seetnotatoes as 


Introduction. 
al ly reduc e tre 


much as 10° During the past decade virus diseases 


10% 


recognized as an ever-increasing menace. 


that now cause an additional loss have become 


| osses occur 


in both field and storage. Virus diseases reduce yield 


ind affect quality, and may cause roughness. poor 


color, and DOOr shape. 
(mong the 


sweet potato 


viruses that pose a serious threat to the 


crop is a virus comp'ex called feathery 
mottle. It may be considered a virus complex in the 
ee 

feathery mottle as first 


light of findings that 
mixture of 


present 


lf scribed may have been a two or more 
Thj 
FP. 

ot t! ‘ 


ie eathery 


Viruses clarifies the virus relationshirs 


paper 
mottle complex and describes more 
fully its relationship to the yellow dwarf vein-clearing 


phase of the disease 


of literatur>._-Featherv mott'e ~vas original- 


Re: ji» 


ly descrifed as a new graft-transmissible virosis of 
sweet potato (4). The name feathery mottle was suggested 
because the disease appeared to differ both in symp- 
toms and in methods of transmission from sweetpotato 
mosaic, described earlier (20, 21). Feathery mottle 
was then transmitted only by grafting and, because its 
given the 
The 
disease was first described in the Russian variety (P.L. 
105945). United 1934 
and grown to a limited extent on the Eastern Seaboard. 
that the 


sweetpotato 


insect vector was unknown, the virus was 


Latin designation Flavimacula ipomoeae s>. nov. 


introduced into the States in 


recently demonstrated sweet- 
Kansas 
strain of tobacco mosaic 

Summers (25) found in the Ryukyu Islands a dwarf 


Elmer (5 


potato mosaic in is caused by a 


virus. 
disease of sweetpotato that results in no edible roots 
being predvced on diseosed vines. This root-dwarfing 
characteristic is descriptive of the yellow dwarf type 
elsewhere. whereas the extreme foliage dwarf- 
Island 
strain of virus. 


Shefheld (22) 


disease 
ing in the diseases is suggestive of a more 
severe 
reported a virus disease of the 
Kenya. East Africa. 
least two viruses attack 
Africa. Virus A. 
relatively mild 
Virus B, 


a number of strains 
itted by the 


mosaic sweetpotato in 


that at 


type on 
She later found (2 


5 
the sweetpotato in East found only 


in one locality. caused a disease and 


transmitted by anhids: widespread 


throughout Fast Afri 


was 
1, existed in 
mild to severe, and transn 


from was 


whitefly. Bemisia tahact (Genn.) 

Borders and Ratcliff (2) reported a mosaic of im- 
portance on sweetnpotato in Ge ia. in plant beds and 
1946 


ondemned and prometly destroyed 


helds on one farm in The entire planting was 


No further mosaic 


was found until 1952, when it appeared in a number 


f plantings. 


In 1957. Daines (3) reported a new virus disease 











i5 PHY TOP 


Table I. Su i ssion of 


1956 R | 


1957 Russia 3 


1958 Yel 


1959 Yel P | I, La. VI 1] \\I 


(} COr 


Phe Russia ‘orto Ric 


lumin Ru ul 
Vi t in 


mamtained 


‘To find ) | rf 
(strain 4) f t ! flush 
m sweetpotal Ne ‘ t « irred on. the 
CLeorgia he ! ! t | ot \ ch had co r trom 
Georgia in L95¢ illed vellow dwarf 
(11) 

Martin 19 ’ i tated 1 ew on 
mosaic and s l ( f yveetpotato reported 
Irom around tl 

Girardeau (6 ted tha eetpotato 
whitefly, Bemis Quaint svn. B 
tabaci). 5 a ect I eet tato mosat in south 
(,eorgia and t tor - that Africa and 


Israel (18 
Webb (26 \\ i irson Zi isin 
Doolittle’s feathe: n studic n Wisconsin 


lemonstrated | | ! f erta compon 
‘nts «of the feather eX ey ilso indi 
cated i close re I etweet!l I { i id trans 
mitted component and turally occurring virus 
found on sweetpotate \\ ) n and Louisiana 
Stubbs and Mele | i California iso 
late of feathery l | mstrated iphid = trans 
mission of cert { onents « the Yellow 
Jersey variety al 1 ! lories Phe California 
materials might ed the same aphid-trans 
missible compone nal feathery mottle at 


Beltsville 
Hildeb na nd if demonstrated iphid 


transmission of the | onents of the teathery 
mottle virus complex t the same time found that 
the yellow dwart ent was not aphid-transmis 
sible. Natural trans n ot sweetpotato teathery 
mottle under { lit was reported later at 
Beltsville. Mary 1 I lebrand |? reported a 
greatly increase it nsn n of vellow dwarf 
virus in 195 rf a natic aberration. 
that forced the tefly. 7 5 
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feathery mottle complex by Insect vectors 
lransmission of virus 
Viptoms 
Internal Yelloy 
Indicater plants eatspot cork dwarf 


Porto Rico (CF) 
Russian (CF) ' 
Porto Rico (CF) f { \ 
Russian (CF) i n 
Porto Rico (VE) + + 
La. XXI (VF) ; } n 
Porto Rico (VE) n 
La. XXI (VF) n 
Porto Rico (VF) + j 
La. 1 (VF) : 4. 
La. IX (VF) u 

La. XXI (VF) 

Yellow Jersey (VF) 

Nemagold (VI 


, 
is planted as source along with the initial inoey 
ling leafspots). Seedlings La. 1, VII, IN. and XNI have bee 


> | . » » ' 
Re i is planted to Porto Rico containing only leafsp 
: | 


onea (Hald 


than isual to feed and breed on -weetpotatoes, Cur 


). to leave the defoliated weed host earlier 


rent-season symptoms of yellow dwarf disease wer 
observed for the first time at Beltsville in 1957 (10 


something that occurs every vear in East Africa. wher 


Bemisia tabaci is endemic (23 

Hildebrand (13) reported on the biology of the 
abutilon whitefly. 7. abuti/onea, the natural vector of 
the vellow dwarf component of the sweetpotato feat} 
ery mottle virus complex in Marvland Under caged 
conditions in the greenhouse or laboratory. the adult 
survived 3 days or less. which is quite different fron 
the longevity of about 5 weeks reported by Avidoy (1 
for Bemtsia tabaci in Israel 

Loebenstein and Harpaz (18) concluded that at least 
three different viruses affect sweet potatoes in Israel 
the vein-clearing virus. which is transmitted by Bemisi 
tabaci; the ringspot virus. which is aphid transmitted 


1 that these 


and the leaf pucker virus. Their clait 


viruses are distinct) from those reported in other 
countries has not been substantiated 

Materials and methods. kie ld sSfudles, kor the 
field) studies. an isolated plot 10120 ft) called 
West Nut (WN) was used for 4 vears in successiot 


Once in 3 years. aldrin was applied t 


control soil insects. A similar plot (7080 ft) in th 


( re 
1955-58). 


same immediate neighborhood was planted in 1959. lt 
was about 500 ft from other sweetpotatoes and sepé 
rated from them by a planting of corn. The origina 
plot contained seven 50-plant rows 4 ft apart. with the 
plants 2 ft apart in rews. The 1959 plot containe 
thirteen 30-plant rows 

To determine whether natural transmission had o 
curred, single roots from each hill were bedded 


sand in the greenhouse following curing. and 3 


routs were planted i l-in. pots and carrie 
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through the “flush of growth” technique (9 (ny 


eweetpotato Virus, regardless of identitv. was thereby 
sually revealed within one month of potting. The 
other roots were held 6 months in warm storage (75°F. 
95°, RH) and then sliced. 

The 1955 planting consisted of rows of feathery 
mottle-diseased Russian variety (P.I. 105945). 4 rows 
of cork- and feathery-mottle-free Russian, and 1 row 
| cork-tree 
came except that 1 row of Porto Rico with feathery 


Porto Rico. The 1956 planting was the 
mottle was substituted for 1 row of the Russian source 
virus-free plants were substituted 
cork-free 


Porto Rico varieties that had 


In 1957, totally 
for the feathery mottle- and Russian and 
previously contained 


some leafspot virus. The 5 healthy rows now con 
sisted of rows of virus-free Porto Rico and 3 rows 
of virus-free La. XXI seedling. As in 1956, the feathery 
mottle virus source was Row 2 (diseased Porto Rico) 


When none of the 


between 1954 and 


and Row 6 (diseased Russian). 


numerous winged insects tested 


1957 were found to be vectors of feathery mottle. it 


was suspected that the natural vector was possibly 
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harbored on a weed growing in the immediate vicinity. 


Therefore. weeds were allowed to grow on the border 


of the planting for the first time. Support for this 


hypothesis came from the natural transmission each 
yvear { Pable uP 
The 1958 planting was essentially the same as in 


l X seed- 


substitution of only the yellow dwarf 


1957 except for the addition of Row 8 (La 
ling) and the 
virus component tor feathery mottle as the virus source. 

The 1959 planting was thirteen 30-plant rows—8 of 
2 La. IX, 
XX1). 1 of Old Porto Rico that was cork-free 


and practically 


virus-free selections (2 Porto Rico. 2 La. I. 


a 
< a. 


free of leafspot. and 4 yellow-dwarf- 
diseased rows of Porto Rico. La. LL. La. VII. and La. 


XXL. 


Greenhouse and laboratory studies. The indoor 


studies were correlated with the field work and cen- 
tered on separation of the feathery mottle virus com 
plex into the ultimate o1 specihe components 

Of the numerous morning glory plants grafted dur 


ing 1954-58. only Ipomoea alba produced a systemic 


vein-clearing (Fig. 1) although both Scarlett O'Hara 





Fig. 1.—Left: Vein-clearing symptoms on Ipomoea alba 
Right: Normal leaf. Pl 


orning ory resulting rom gratt transmission of feathery 











754 HYTO! 
iornil f Ng roved more 
enerally flexing ts. Graft-trans 
mission wa Ist intil the discovery of the 
vector role > a tetiy nm late LY) bee 
13 \ good g1 essential for transmission 
of the te ( A Phe chi 
bud graft é ission of 
yellow dwart t ) ( i ood union 
was tormed (5! eliminate 
cross-contan i Int excluding 
vectors, sucl ru ation at 
weekly inte! terilizat f pots and 
soil, and by oth \ easures 

The green tise I ol reatest portance was 
the development I X pe ental plants that were 
virus-free. To 1 ls of diseased sweet potatoes 
and mornin lorie f produced, germinate d. and 
grown, and t the 1956 studies were all 
found to be virus-free. Seed was obtained trom open- 
pollinated sweet I luced in Louisiana. About 


1956, of which 57 


300 seedlings were 


formed the basis for t tudy. The 57 seedlings were 
graft-inoculated n duplicate with t cions” trom 
feathery mottle and int cork syndromes and in 
cluded the same number of seedling checks 

Results and discussion.—-1955 st 5 There was 
8°) natural transmission of the feathery mottle com 
plex in 1955, as determined by the “flush of srowth” 
technique Ot equal rtance was the spread of 
internal cork and leafspot symptoms in the expert- 


mottle 


mental planti: pre 


When the root were sliced ifter 6 


from the teathery 


months 


source 
of warm storage. the Russian variety was cork-fre 

whereas about 2! f the Porto Rico roots showed 
typical lesions of interr cork What was the source 
of the cork vir n Porto Rico? It was noted that 
both the Ru Porto Rico varieties showed 
foliage symptoms dur the growin season. some 
of which appeare il of internal cork. Since 


the cork-free Porto R nts also carried a leafspot 
there was a d I noculun for the latter 
component Fir to irce of the cork virus. 
the Russian variety red to be the most likely 
possibility, ever wed no root lesions. 

The most important t in 1955 (15. 16) was the 
evidence that the ! 1 vector of the leafspot viruses 
aot sweetpotato va the vector otf the system! 
yvellow-dwarf mponent t teathery ttle 

1950 studies f 56 studies largely repeated and 
confirmed the field ar ratory work of 1955. but 
with some difference I flusl rf rowth”” tech- 
nique demonstrated . 4 natural transmission 
of feathery mottle t t e Porto Rico and Russian 
varieties (nother tant observation was the 
mortality of feathery-mottle-diseased 
Porto Rico. comy { lisease Russian. The 
graft-inoculation stud the 5 orto Rico seedlings 
revealed that il t limes licatl thie vellow 


XXL. 


dwarf con ne! { \ ottle was La 


Al 
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which was highly resistant to internal cork and th 


le atspot viruses. 
All the 


planting containing cork-free 


from Row 1 of the 1954 
' 
Porto Rico. 


sliced 


| yr ¢ 
= lowed 20 


roots were saved 


From eae} 


ill, single medium-size roots. after about 


months of warm storage, natural trans 


the 


" 
final slicing ( Septer 


cork. In Row 1 number 


hill. At the 


mission of internal 


was 4-14 pet 


roots 


ber 10. 1957. about 6 months late>). 46 of the hil 
contained some roots with cork lesions. Only 2 hilk 
had all their roots affected. Only 1 hill of 11 roo 
had only a single root affected. Thus in the 23 hilk 


roots 


row of the 


with root lesions, [6 had lesions and 96 root 
lid not. \ cork-free 


handled in the same way contained no root lesions, ang 


high 


Russian seedling 


evidence of this variety’s resistance or in 


to root cork. 


was 
munity 


The doubling in incidence of root lesions betweer 


the 5- and 1ll-month storage intervals can be confus 
ing. However. the first figure is based on slicing 
single medium-sized root and the latter on slicing 


13 of the remaining roots in the particular hills ¢ 
During that 


increases but very few new lesions appear. To demon 


months later. time lesion size definite 


strate how root size is related to the incidence of ro 


lesions, the percentage incidence of root lesions fron 
the largest to the smallest roots in the hills was: 1) 42 


2) 30; 3) 28: 4) 26; 5) 27; 6) 37; 7) 22; 8) 19; 9) 
10) 25: 11) 12: and 12) 0. Recalling that the med 
um-size root, or about No. 4 was employed for the 


first slicing, it will be noted that the respective per 
centages of cork incidence were 25 and 26%. 

1957 studies.—Natural transmission of feathery mot 
tle in 1955 and 1956 and the failure to locate a natur 
al. winged vector by sweeping, suggested that the true 
vector might be harbored on a native plant. Therefore 
weeds were allowed to grow undisturbed on the border 
of the 1957 planting. 

The new departure in the 1957 planting was the 
substitution of totally virus-free plants for the cork 


free Russian and Porto Rico varieties previously used 


By this arrangement the only virus source was the 
feathery mottle inoculum present in the Porto Ri 
and Russian varieties. Thus. by the end of the 1957 
season the natural agents of virus transmission had 


spread the feathery mottle virus mixture to virus-free 
plants and given rise to some 15° internal cork, 30 
vellow dwarf. and over 90°. leafspot, all coming from 
At digging time no 
in evidence except leafspot. which occurred in about 
half of the hills. When the roots were cured ané 
put through the “flush of growth” (9) all hills showe 
hills. or 31° feather 
mottle. or yellow dwarf in mixture with leafspot at 
cork. When slicing in April. 1958. after ¢ 
warm storage. 6 hills. or 15°. had root lesions 
and of had feathery 


the one source. symptoms wer 


one 


leafspot whereas 13 showed 
internal 
months’ 
of internal cork 


mottle 


these one-half 


In scouting for the natural vector, it was noted i 
the Mallow ( Abutilon 


early July that Indian weed 
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theophrasti Medic.) was lightly populated by a white- 
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vl 
VI 


very similar to that of the abutilon whitefly, but it 


dy. The hot, dry weather in August favored whitefly proved to be a nonvector of yellow dwarf. 
re 19% infestation to build up to the point of defoliating the During the 1958 studies on the incubation period 
m cag oul and the adult insect therefore moved onto the — of the yellow dwarf virus, numerous graft and white- 
bout § sweetpotato to breed. Abundant rain in late August’ fly experiments were successful. The minimum incu- 
I trans and an unusually warm September stimulated the bation period for graft transmission was 10-14 days 
aber drouth-stunted sweetpotato to abundant growth, ac- on both sweetpotatoes and morning glories. The 
Septen companied by current-season symptoms by mid-Sep- minimum for whitefly inoculation was 11-15 days on 
he hill tember. with about 10°% of the virus-free plants show- morning glory suscepts (Scarlett O'Hara (/pomoea 
2 hills ing symptoms before the end of the growing season. nil), /. alba, and Quamoclit angulata), and usually 
7 pe During 1957, numerous grafting experiments were somewhat longer on ciao ag . 
‘ a run to determine the minimum incubation period ol In the tests comparing graft versus whitefly trans- 

Its 


eedling 


vellow dwarf. Ordinary grafting demonstrated a tend- 
ency of the virus to become imprisoned in sweetpotato 


mission, the abutilon whitefly was able to pick up and 
transmit the yellow dwarf virus from all sources tested 





ns, and , : 
— ind unable to express symptoms during the current feathery mottle in the Russian and Porto Rico vari- 
7 ‘rowing season. Previously, graft-inoculation studies  eties; feathery mottle in the Yellow Jersey from 
7) on a woody-plant virus. which had the same delay- California; and mosaic in Georgia Red from Georgia 
twee ing tendency, demonstrated how “shock treatments” and New Jersey. There was a difference in symptoms, 
confus stimulated a “spurt of growth” by the plant and symp- however, when graft transmission was employed, be- 
7 tom production on the first new growth. By syn- cause grafting transmitted all the components of the 
-- chronizing graft inoculation with the stimulation of | feathery mottle virus complex. For example, grafting 
uills 7 new growth on the suscept, the incubation period for induced a chlorosis and spotting on top of vein clear- 
Pe, vellow dwart was shortened to 8-14 days. When the ing, which latter is characteristic of the whitefly mode. 
a featherv mottle virus mixture was the graft inoculum, ‘Such other variations as were found within and _ be- 
fs vellow dwarf symptoms appeared as promptly as tween the two modes of virus transmission are attrib- 
ph when alone. Leafspot symptoms of the internal cerk uted to how well the two basic essentials, spurt of 
1) 42; evndrome appeared 1-2 weeks later. on older leaves growth and virus presence, are synchronized. With 
* QO)2 2 . . 
‘ be 5-7 nodes below the shoot tip that displayed the dwarf either element out of synchrony, the virus is usually 
- med symptoms translocated down to the roots, where it is imprisoned 
for the es > . 1 > oO u > nce > 
a ao ee ee a the rest of the growing season. Hence. no current- 
> per cea Kc < « ic » 4 . o . 
i leafspots characteristic of internal cork and leafspot ason symptom are evident. Even though carefully 
ruses whereas by mid-September ove! 50° ot the : onduc ted the white fly transmission experiments were 
ry mot . ; ‘ less than 30° in synchrony, wheres the grafting mode 
aa plants showed similar symptoms and about 10% i b hict 
atur : as Sus ! uF > ) OO . > *< 
> - shy wed current-season symptoms of vellow dwarf. Im- _— - wore oe ugner, up to ; whi " the bn ' 
ve true latel f ; - he “flusl sweetpotato indicator (La. XXII) was used. Some 
ooleni mediately after harvest and curing. the “flush of ‘ 
retore - indicators were largely useless because of the incom- 
horder growth” technique revealed the complete story for bility | hei Lk 14] , ; 
vellow dwarf (31°7) and for leafspot (100°) ). After “9 : i . setae ee ES Cae ee eee eee 
; 2 the virus inoculum. 
6 months of warm storage (about April 16. 1958) , am 
as tl ’ : taal ' — 
r 14) of the virus-free Porto Rico had root lesions when L he weather was so favorable for weed growth in 
a sliced. 1958 that the abutilon whitefly, though abundant. 
y used largel led the etp ‘ding 
‘ee argely avoided the sweetpotato plant as a feeding 
sf 1958 studies.—The biology of the abutilon whitefly i, 
ill ground. and its natural transmission in the field that 
, Re was studied under both controlled and field conditions : aes 
‘ ' vear was less than 5°. compared to 310 in 1957, 
» 1957 o establish the feeding and breeding habits and other ; . 
: re f when drouth defoliated the weed. When Row 1 of 
nha peculiarities of this insect as a vector type (12, 13) . i : a . 
i virus-free Porto Rico was sliced after about 7 months 
us-free [he micrurgical aspect of inoculation, and infection pia 
i larl ti warm storage. no internal cork was recorded. This 
» 2h i Was particularily pertinent. . ; 
3 Pre] . is evidence that the yellow dwarf virus. unlike the 
oy Prey "hit unD sh */ ic rv obse if = ° 
fror ° - iry unpublished mi rurgi al observation feathery mottle complex, is free of cork virus 
> wer establishec he é ~ CTé ars fro Twista at - _ - 
' hed ‘ _ , or scans hs 1959 studies——The 1959 studies demonstrated nat- 
about nhatche on healthy TF s ¢ ‘ e anste 7 — 
: ’ & ", oe he oe i 7 Fae - ural transmission of yellow dwarf virus by the 
> and seMmil-MiIcrurgicé methods to . ersides o sease ‘ : ‘ - 
| yi ald aged : abutilon whitefly. Weather conditions in 1959, as in 
wed eaves. where the 0 eTo ( ? *rge - 
- : ley would grow to maturity and emerge 1958. were favorable for the mallow weed. With es- 
athery is Viruliterous adults ns , @ lowes ins- : . , : 
“ “ye idults, ready to be employe 1 in tran sentially the same conditions prevailing again, the 
” al lission studies When the crawler comes to rest it vector was tricked by cutting or breaking down its 
or 6 S00 stens Te ; — , — 
ter n fastens itself permanently to the leaf. by stylet weed host in late August, to simulate the 1957 drouth, 
lesions ind wax. with the simple stylet in situ from the re- ind force the whitefly to breed on sweetpotatoes so 
*TV n ° ° . wy. 
ther naining larval stages. Emerging from the pupal case as to pick up virus and become viruliferous. This 
{ about 12 days later. the whitefly bears a compound — stratagem was rewarding because it gave 21% natural 
— stylet. The biology of the greenhouse whitefly Trial- transmission to La. XXI. the best indicator host, com- 
ULUON P / 


urodes vaporariorum (Westw.) is morphologically pared to 10% or less for Porto Rico and the others. 
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Table 2.1 = proposed f the viruses pr I d separated from feather 
| r ' ’ 
K | 
ys a <ftror beat | 
=4 
lat ! i ( ! eae 
Host rea . jage and Leafspots 
' esions 
Trar l \y lds ! i Ing, and micro \; l- ora cr and | 
nechanical aided echanical: als echani \ 
Pp rpp 62°( PDP 56-58 ¢ 
1) Wid \ 
7 e ¢ -¢ instead ! | rus be ills this er 
is definit | is terminology bv Hildebra \, in w sour cher 
vell , ! é Sale 
Rapid t t ‘ yonents are combined is in teathery mottl 
ditioned vt Hence. the milder effects of the components individua 
status for ( in d i i} ear to hye additive when combined, and muct 
| » The f leaf ee P Rj 1) 
weather o ition re severe he tan teal symptom on orto Rico, s 
of the abutilo { st ditheult characteristic of feathery mottle infection. was muel R 
its prod er use less in evidence for vellow dwarf alone 1) 
: : ' \ 
cages. The irtal Conclusicns..This study has established that fear! 
ily, appare reen ery mottle virosis is a virus mixture of three con 
house and th onents or viruses— | vellow dwarf. 2) interna 
| , | 1 3 le | rac} hick here ar 
lack of « cork. ane > ealspot within each of which there ap 
By sharne ™ pear to be strains. On the basis of symptoms and cer s 
ine for prod ; = tain other characteristics. the three viruses appear t 
is vias \ «Diet be distinct from one another. when separated and 
tudied under controlled conditions in the greenhouse 
Virtis Wa ~ , 


Mission 


ie whitefly pu ks up and transmits only 





vellow dw ir? 


i! = in the oreenhouse Or field whether in pure cul 
Substituti eathe ttle j . Teen 
ture or in the feathery mottle vir Is complex | lable | 
th 1958 i M9 luced inexpected O72 . 
: 1958 data The aphid picks up and transmits the 
effect on the | : ; steady, ifspot viruses of the internal cork syndrome, of 
f vere d ! ‘ oO 
ve as I v vhich the leafspot component may occur in pure ¢ " 
the plants I ( \ sul ture nature { » to now the internal cork virus has 
’ ‘ 
vived by t ilway heen found assoctated with leafspot virus 
In other vellow Table 2 gives their characteristics and the Latin | : 
dwart co tive - proposed for their designation 
| | i ) 
l. Avid Hildebrand, I MI. 195 Nat ransmissior 
Bemisia ( I ‘ t feathers ‘ \ *hvtopatl g 
-41 19-4 . 
» =Rord H \ Hildebrand, E. M. 19 Iw vndi = cause 
1) ise R Hild nd, | \l IY N transmiss 
Da | 1 feathery tt » &§ ] wl itefly. | \ 
\“ a! N {} f 1 nea, I ( i \| sir.’ PI 
a i. ~ \ ogy 19:524 ‘ 
trans ; Hi lebrand | \l L959 \ w! ty Tria ur 
O41 , ‘ ' nsec ve f « etpot eat rv! \ 
. 7 () : \ Marvlan Plant Dise Reptr. 4 12-714 
1’) path 4. Hildebrar KE. M. 1959. Importar f os 
( (hirard é <s in vector! rans . {1 ises and | ‘ 
Le S Plant Disease Reptr. 43:715-71i s 
m ! in SS ( } ‘ 14 Hildebrand, E. M 1 | I 2 ! 956 Ap! S 
Hild S ssion of sweetpotat cork virus thre oreenhous 
red vir | \ Phytopa ( | 
185-496 Hildebrand, E. M F. F. Smith. 195 Ap! s 
8. Hild \ x : ssion of a is ass i with sv potato intert 
in New Y \ i isked in featl { 1 sw potatoe s 
9 H , ‘ Disease Reptr 12:1148-1] .) 
tro kK \ Kar kK } | W ] Ma | 1) News 
Phvtopat! Transmiss nite | sweetpotato by t 
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Cather eer aphid Aphis gossypl Glover, Science 12/4 :1448., 23 Shetheld, | \l | 1957. Virus diseases of sweet 
] Loebenstein, G., and I Harpaz, 1960. Virus diseases » ito in East Africa |. Identification of the viruses and : 
{ eweetpotatoes in Israel, Phytopathology. 50:100-104 their insect vectors, Phytopathology 47: 582-590 
19 Martin, \ J. 1957 Phe osaic and similar diseases 24 Stubbs. | | _ and D M. McLean, 1958 A note on 
+4 sweet potali Plant Disease Repti 11 :930-935., iphid transmission of a feathery mottie virus of sweetpotato 
= ) Rosen, H K 1920. The mosaik lisease { sweet Plant Disease Rept: 12:216 
satoes. Arkansas Univ. Fayetteville Agr. Expt. Sta. Bull aa. 3 ers, | M. 1951 Ishubu-bvo” lwarf) of 
67 10 p.. swecetpotal n Ryukyu Islands Plant Disease Rept +) 
1 Rosen, H. R PH The mosaic seas f s t 266-26 
mien sat es «(wit <] reference to its transmissibility 26. Webb, R. E. 1954. Some hosts of feathery mottle 
hanica \rkansas Univ. Fayetteville Agr. Expt. Sta. Bull. 213. 16 p. virus of sweetpotate, Plant Disease Reptr. 38:448-452 
» Shefield, F. M. L. 1953. Virus diseases of sweet 2 Webb, R. E.. and R. H. Larsen. 1954. Mechanical 
sah in parts of Africa Empire Expt. Abr. 21:184-190 nd aphid transmission of tl feathery mettle virus of 
Empire J. Exptl er, 21:184-189 sweetpotat Abstr.) Phytopathology 44:290-29] 
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PATHOGENICITY AND MORPHOLOGY OF SOME LEGUMINICOLOUS AND 
RELATED SPECIES OF STEMPHYLIUM 


mottle J. H. Graham and kK. E. Zeiders 





Vidua 
muck Plant Pathologists, Crops Research Division, ARS, U.S infected crown vetch and tomato. whereas the other 
ur 
DA was small-spored and nonpathogenic to all plants 
CO, ntrifution oO l67 o he ~ e ¢ nal Jacture 7 
Contril ion No, 167 of R re U, r Regi m AR I “ . inoculated S. callistephi and 2 unidentified isolates 
muet tesearcl boratory, Crops search Division, >, — 
R ¥ ‘ p p aa oe ae 9 trom Ladino white clover were nonpathogenic to plant 
) niversity irk. a... In cooperation will thie < 
Nol C species inoculated. The unidentified isolates from 
er theastern es 
leat \ccepted for publication April 26, 1960 Ladino white clover and crown vetch differed mor 
epted ft if catiotr ’ 2d. ) 
con phologically. culturally. or in host range from known 
iterna st MMARY species of Stemphylium, and are possibly new torms 
; - ' 
Te ap. Host range and morphological characteristics of 7 or species. Differences in pathogenicity within species 
id cer species and 4 unidentified isolates of Stemphylium of S. botryosum and S. solant are possibly due to 
ear | em various hosts and locations were compared. Of pathogenic specialization 
| al the species te sted lar pathogenk itv. aa hotrvosum had 
bse the broadest host range. S. sarcinaeforme infected In June, 1957. 2 unidentified isolates of Stemphylium 
louse ' 
; red clover. Ladino white clover. alfalfa. and white Wall: were obtained from crown vetch (Coronilla 
awart j 
sweet clove! Three isolates of S. loti were equally aria 1|..) in central Pennsvlvania (1). One isolate 
e cu rath , , } S » } > ) \ . 
be} pathogenic on birdsfoot trefoil and blue lupine. produced large conidia similar to those of S. solani 
| ii attacked ero — “eg more everely G. F. Weber as reported on tomato and lupine (3) 
ts the than red clover and altalta solates of S. floridanum 
eae : . ae , The other produced small conidia somewhat similar 
ne, of ind oS. solan trom tomato § attacke¢ only tomato, - 
S ni from blu | pir tt 1 bl in morphology to conidia of S. botryosum Wallr. and 
¢ ( v eTeadas . soiani rom ) = ult 1? ATLTaACcCanet pitie 
! ' — 6 eatin —_ ~ an , 
1s has pine severely and tomato slightly. Of 2 unidentified 0 those of 2 unidentified isolates recently obtained 
VII Stemphylium isolates from crown vetch. 1 was large from Ladino white clover (Trifolium repens | lhe 
i i* ° 1 t 
spored and morphologically similar to S. solani, and small-spored isolates from crown vetch and white 
in | 
Table 1.— Spore size and morphology of 20 Stemphylium isolates grown on V8-juice aga 
Perithe i P 
Original ( t 176 ( I or sclerot 
Fur host Range \verage i bodies (SB 
\ Alfalfa 2 » 16 2 () 0 hir ate p 
ed Red clover 20-36 « 15-23 mot | I ite Pp 
Blue lupins 24-38 15-23 28 18 echinulate P 
n Fescue 21-37 * 16-28 1) «x 22 echinulate pP 
Tria S. 5] Ladino 20-34 & 14-21 27 x 17 roug SB 
“ip - 
Phy Ladino 21-37 1626 1) 1) roug) SB 
. . Crown vetcl 18-29 12-2] 23 7 rugl P 
ure Crown vetcl 17-27 14-18 22 rougl P 
mot: ». Sarcinaetorme Red clover 27-45 Za-s2 0? 24 smooth none 
Ladino 28-50 «& 24-33 ; 27 smooth none 
SCOf Sweet clover 29-4] 18-2 = 24 smootl none 
it . B. trefoi 5-40 18-27 Pi, 93 smooth SB 
Y. trit Ladino 24-40 12-18 0) ls smooth SB 
* S. solar Tomato 3-68 & 16-2] 52 « 19 smooth non 
OUS Blue iupine 10-6 ‘>7 > 17 nootl none 
} slue lupine 956 17-22 19 -mootl none 
\p 5 irge-s Le m ve t $26 6-2 > lf - tt none 
ter’ 
te Crown vetcl 62 x 16-2 >< 20 none 
Latoe ‘ | Q y } lf ! ! f 
J (hina ast 2 fy 2 ‘ il nane 
ws 
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clover were not associated with any definite lesions. For host-range and morphological studies, particle 
Investigation was made to determine the comparative from soil cultures were scattered over V8-juice aga 
host range of several leguminicolous and related iso- in Petri plates and the cultures incubated in the Jab, 

j - . . . - 
lates and species of Stemphylium and to compare them — ratory for 7 days at 18-24°C. For inoculations in the 


culturally 


Materials and methods Stock cultures of Stemphy- 


lium spp. were maintained in test tubes of sterile soil. 


greenhouse, conidia and some mycelium from 3 Petr; 
dish cultures were scraped from the agar surface jnty 
a liter of distilled water to which one drop of Tweep 





Fig. Cl { nicolous species of Stemphylium grown on V8-juice agar. A) S. botryosum from al- 
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falfa; B) S. s mm red clover; C) S. Joti from birdsfoot trefoil; D) S. sp. from crown vetch; E) 5S. 
sp. fron Ladir ‘ N.] KF) S np. from Ladino white clover (N.H.). 6500) 
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9) was added before comminution in a Waring blender. an unidentified small-spored Stemphylium and 3 iso- 
The following 06 isolates were used in host-range lates of an unidentified large-spored Stemphylium from 
studies: 1) 8 isolates of 5. botryosum collected in 5 crown vetch; 4) 4 isolates of S. sarcinaeforme (Cav.) 
states from alfalfa ( Medicago sativa L.). red clover Wiltsh. collected in 3 states from red clover, Ladino 
Trifolium pratense L.). blue lupine (Lupinus angusti white clover, and white sweet clover (Melilotus alba 
jolius L.). and tall fescue (Festuca arundinacea’ Desr.): 5) 3 isolates of S. loti Graham from birdsfoot 
Schreb.): 2) 4 unidentified isolates of Stemphylium trefoil (Lotus cerniculatus L.) collected in 3 states: 


from Ladino white clover (2 states); 3) 3 isolates of | 6) 2 isolates of S. solani from tomato (Lycopersicon 





Fig. 2.—Conidia of leguminicolous and related species of Stemphylium grown on V8-juice agar. A) S. callistephi 
irom China aster; B) S. floridanum fr tomato: C) S. ¢trifolii from Ladino white clover: D) S. solani from 
tomato; E) S. solani from blue lupine; F) S. sp. from er+wn vetch, (500). 
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veted SCLEROTINIA DOLLAR SPOT 

L Walls 

Clover Houston B. Couch and James R. Bloom 

where. ~ ay 

ia cor Contribution No. 257, Department of Botany and Plant observed that Sclerotinia dollar spot is usually more 
Pathology, Pennsylvania Agricultural Experiment Station severe on insufficiently fertilized lawns, and Musser 

a her Authorized for publication February 3, 1960, as paper No “ 

2435 in the Journal Series, (6) reported, “Either starvation or an excess of nitro- 
dia « Accepted for publication April 26, 1961 ven will intensify dollar spot | 
mbled eavisieniine In the present investigation, the influence of nutri- 
shaw , : as . tion and pH on the development of S. homoeocarpa 

| Kentucky bluegrass (Poa pratensis) was grown in ) ) 
solar 8 in. glazed crocks, with silica sand as the supporting on Kentucky Bluegrass (Poa pratensis L.) was studied 
y and medium. Various levels of nutrition were supplied '" 4 continuous-flow drip-culture system, with silica 
ty ie with a continuous-flow drip-culture system Post. “and as the supporting medium (2). 
d not emergence inoculation with Sclerotinia homoeocarpa Each crock, seeded to contain about 200 plants was 
ls and was performed by adding aqueous mycelial suspen- irrigated periodically with distilled water until the 
‘ig. 2. sions around the crowns of the plants Under low seeds germinated and the plants were established. 
lighs sir acta Nag ne _— “980 “* phosphorous Phen. modified Hoagland’s solutions were added to 
= eee oe ls posting i the crocks by means of the drip-culture system. As in 
mor nor low levels of phosphorous and potassium, high @ previous investigation (2). the basal solution (1.0 
Olates nitrogen, nor high balanced nutrition influenced dis H was modified to 0.1 H and 3.0 H concentrations. 
fron ease development Altering hvdrogen-ion activity In addition. the 1.0 H formula was modified to pro- 
es of trom pH L.0 to pH 9.0. at different nutritional levels duce nutritional levels of 0.1 (low) and 3.0> 
were did not affect disease proneness. The influence of 5 high) concentrations of nitrogen, phosphorous, and 
lates soil moisture levels in the readily available range on potassium. All solutions were adjusted to pH 5.6 
nor disease development was studied by varying frequency with NaOH or HCI as required. Minor element con- 
1 ise . Seen age "gs 7” inoculation. Diseas develop centration was the same in all the solutions In the 
ment was significantly greater with irrigation practices 
ic t that produced higher soil moisture stresses. ie.. allow nutritional series. then. the various modifications of 
fron ing the plants to extract to 34 field capacity and the basal solution produced 9 different combinations. 
‘call helow These were all run simultaneously through 5 replica- 
mats tions of 4 crocks each (1) experiments were con- 
dt Sclerotinia dollar spot is one of the more common ducted at 70°F. 
fror fungus foliar diseases of turfgrasses Phe incitant. The effect of pH on disease development was studied 

Sclerotinia homoeocarpa F. T. Bennett (1), attacks 4! low nitrogen. high nitrogen. and 1.0 H_ nutritional 
Oat i wide range of grass species. including members of levels Phe 2 nitrogen series were adjusted to pH 
‘port the venera Poa. Festuca. and Agrostis (4 Generally 1.0. 5.6. 7.0. and 9.0, whereas the 1.0 H_ level was 
(2 recognized as a disease problem of golf course putting adjusted to pH 5.6 and 9.0. The pH was altered with 
Mo greens. Sclerotinia dollar spot may also be severe on NaOH or HCI as required 
ked ome lawns. park lawn areas. and golf course fait The pH and nutritional studies were conducted 
irted ways. In the latter cases. the importance of the dis concurrently Inoculation was accomplished when 

ease is not fully realized since symptomatology varies the plants were 12 weeks old 
ored with management practices With these conditions of Inoculum for the nutrition and pH series Was pre 
rage higher cutting. and usually few. if anv. fungicide ap pared by growing S. homoeocarpa on = malt-extract 
Ow! plications. the rather small. sharply outlined spots igar in Petri plates until mycelial growth completely 
le of infection that occur on the putting green are covered the agar surface The contents of 300 plates 
alls replaced by large. irregularly shaped areas of blighted were then chopped in a Waring blender and the 
»s turfgrass. measuring up to 12 feet in diameter. In resulting agar-mvcelium mixture was brought to 20 I 
ora this for: t is not uncommon for the disease to | with distilled water After 100 ml of the mycelial 

erroneously diagnosed as Curvularia blight. nematode suspension was poured around the plants, each crock 

damage lrought iniurv. fertilizer damage ete was covered with a moistened plastic hag Kive days 

Concerning nutrition and soil moisture and the later the plastic bags were removed. and after 1 week 

development of Sclerotinia dollar spot Monteith and more, disease readings were made The disease read- 

ovis Dahl (5) observed. “The disease is discouraged by ings were based on an actual count of individual 

ark the judicious use of fertilizer and water.” Howard plants per crock, and incidence was recorded as per 

R Rowell. and Keil (4 reported the disease to be more cent dead plants per treatment All data were sub- 
oe noticeable inder conditions of ) soil moisture ected to analysis of variance 

stress That igh nitrogen tertility - conducive to Disease incidence was significantly less at low nitro- 
; ess disease ce velopment has been attested to by Rui gen or 0.1 H than at 10H Neither high nitrogen, 

nels (7 Younger (9 ind Smit ‘ Davis ) 0 H nutrition. nor phosphorous and potassium varie 
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ture stress, ie.. extracting to *4 FC and below, were of 
more susceptible to . homoeocarpa than those pro- : th 
| duced at continuous FC (Fig. pA This difference in m 
| severity was very distinct in the 14 FC and PWp tr 
extraction series. in which foliar blighting was more wy 
than double that of plants grown at FC. 
Discussion. The results do not support the gener ) 
Py : ral ff 
consensus that turfgrass grown at low nitrogen fer. 
tility is more prone to Sclerotinia dollar spot. To the 
2 contrary. Kentucky bluegrass, at least. is less suscepti. 
< - it 
- ble to S. homoeocarpa under low nitrogen nutrition 4 
as than under normal or high nitrogen fertility. 
_ ; 
uw Since the majority of reports to date have been e 
Vv . ’ 
ys based primarily on field observations, it is suggested " 
ui % I 
a that the reported beneficial effect of high nitrogen 
fertility could have been one of more rapid plant 
5.01 recovery during periods of lessened activity on the 
part of the parasite, rather than a legitimate resistance 
noe ; to infection. 
“ The role of soil moisture in Sclerotinia dollar spot 
Fig. 1. Influer t t 1 thre sus¢ pur itv oft ‘ . ° 
Kentucky bluegrass to S : development is quite pronounced and could easily 
complicate field studies concerned with fertility and 
eee 5 ee ee Cee ae ee, aaa 
ables influenced disease development (Fig Che disease incide a Phe heig nade die oe ee 
: , ay ee *: ' of Kentucky bluegrass at high soil moisture. stress 
various pH levels did 1 ilter the disease response 
characteriatic of | are al tevelc ebadiad presents a possible explanation of the sometimes 
The influen n Scleroti Jolla) oe epiphytotic occurrence of this particular disease in 
ce on t ! a | spo 0 <4 pee 
' . ' seasons of low rainfall. 
moisture in the readily available range—field capacity ncn egos —— ; 
(FC) to permanent wilti1 tenn (OP —aes An interesting aspect of the role of soil moisture 
. f and the susceptibility of Kentucky bluegrass to S, 
studied by varyi rrigation frequency ( Using “ bet : 
/ i) ePocarp = i ills ace 0 " T . 
Hagerstown silt loa \ isture equivalent of ta a Is that th lacet r the war” onment 
ter the leve seve Oo sease s 
24.5% and a PWP of 0.1 100) non-porous con ean alt bite —— everity f a foliar dise use 0 
. ) S S sf] » yotent! 
tainers were filled wit tandard weight of soil of | 2PPT ial ly. This illu trates further the potent al of 
ae j soil moisture as a factor in influencing the magnitude 
known moisture conter containers were then 
seeded to Kentucky lueg ind all were main- 
: , 10 
tained at FC, by weight. until the roots had permeated 
the soil masses With t mpletion of root permea- 
tion, the followir ( yisture stress groups. com 
prising 20 containers ¢ vere established: Ft " 
FC. ly, RC 1 Ke PWP or i 2J-week period the 
plants were allowed to extract moisture to the pre 
determined soil moisture stress, as established by the > 
bist _ ' _ 
total weight of the syste nd then irrigated back — 
a 
to the FC weig! lJ 
> 
Inoculun lor the it usture series was pre ired WwW 
: ” 
by growing S moe Ol in autoclaved = § rye 
1 uJ 
vrain medium, air-drying | fungus-permeated grains o 
: < 
and then grinding ther vod mill Inoculation w 
was accomplishe 1 by f { a ! the plants of each 7 
ra 
container to extract ( ture y weight, to the pre T 
determined § stress pon! \ this time i standard T 
amount of the fine rain cul was 
scattered around the i the plants, and the re 
spective containers wel ered wil moistened r os FS 
plastic bags. Five days the plastic bags were L.S.D. 
removed, and after 1 week re lisease readings 
FC 3/4FC W/2FC \/4FC PWP 
were made.  Diseas« irisons were made on a 
: SOIL MOISTURE 
severity scale of O—10. from 1 eat blighting to LOO 
foliar loss. All dat el ected to analveis of Fig, 2. Effect of soil moisture stresses in the readily 
ieiiidinn available range on the susceptibility of Kentucky bluegrass 
— to Sclerotinia homoeocarpa. 0 leaf blighting: 10 = 
Kentucky bluegra ul rown at high soil mois 100% foliar loss. 
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of disease development. Its regulation, therefore, 
through standardization of stresses within an experi- 
ment, and from one experiment to the next, is ex- 
tremely important in highly critical investigations 


whether concerned with root, crown, or foliar diseases. 


—Department of Botany and Plant Pathology, The 
Pennsylvania State University, University Park. 
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sUMMARY 


Cotton plants inoculated with 23 species of Fusarium 
fluoresced under ultraviolet light only when colonized 
by Fusarium vasinfectum. Likewise, F. vasinfectum 
neither infected nor incited fluorescence in crop plants 
other than cotton grown in soil infested by the fungus. 
In wilt-infected cotton plants fluorescence appeared in 
the endodermis of the roots on the fifth day after 
germination in the infested soil and spread progressive- 
ly into medullary rays. phloem, and xylem.  Fluores- 
cence spread acropetally as the fungus invaded the 
plant-axis during subsequent days of pathogenesis. 
Cotyledonary and adult leaves and their petioles fluo- 
resced in spite of the absence of the pathogen in them 
Fusaric acid, though not responsible for the fluores- 
cence, was detected in plants even on the second day 
after germination in the infested soil and reached a 
maximum on the 13th day. 





I:troduction.—In an earlier report (6) the author 


indicated that cotton plants infected with Fusarium 
vasinfectum Atk. fluoresced in ultraviolet light in the 
dark, and that this was useful as a diagnostic measure 
for early evaluation of the disease. Herein are fur- 
ther findings on the etiology of wilt in cotton plants 
infected by F. vasinfectum. 

Materials and methods.—The cultures of Fusaria 
used. from Centraalbureau voor Schimmelcultures. 
Holland. were: F. lateritium Nees var. uncinatum Wr.. 
F. sambucinum Fekl.. F. culmorum (W. Sm.) Sace.. 
F. orthoceras (pp. & Wr.. F. oxysporum hlecht.. F. 
conglutinans Wr.. F. oxysporum Schlecht. f. nicotianae 
(Johnson) Snyd. & Hans.. F. lini Bolley. F. equiseti 
(Cda.) Sacc.. F. poae (Pk.) Wr.. F. 
Sherb.. F. buharicum Jacz., F. solani (Mart.) App. & 
Wr.. F. caucasicum Let.. F. bulbigenum Cke. & Mass. 


sporotri hioides 


var. lycopersict (Brushi) Wr. & Rkg., F. dimerum 
Penz., F. chlamydosporum Wr. & Rkg., F. javanicum 
Koord, F. scirpi Lamb. & Fautr.. F. semitectum Atk., 
and F. vasinfectum Atk. In addition to these, F. udum 
Butl. was isolated from wilt-infected red-gram plants 
(Cajanus cajan Adans.), and F. moniliforme Sheld. 
was obtained from the Madras Agricultural College, 
Coimbatore. \ir-dried and sieved garden soil in 
earthenware pots sterilized for 2 hours at 20 lb steam 
pressure was used in the infection studies. Cultures 
growing in sterilized soil-oats-water mixture (9:1:3) 
were used as inocula. The fungus thus grown was 
thoroughly mixed and transferred to sterilized soil at 
the rate of 5 g of inoculum to every 100 g of soil. The 
inoculum and the soil were mixed well and incubated 
for 48 hours on a greenhouse bench at a temperature 
of 25-35°C. 


to 50°. 


The initial moisture level was adjusted 
and seeds of a variety of cotton susceptible 
to F. vasinfectum wilt, Karunganni 2, Gossypium ar- 
boreum Linn. race indicum, were sown. After germi- 
nation, enough water was added to prevent wilting. 


Philips H.P.W. 125-W uv lamp, 3655A, was used to 
detect the infected plants. 


Table 1.—Percentage of transverse sections of cotton 
plants infected with Fusarium vasinfectum showing fluores- 
cence along the axis. 


Plant In. below In. Cotyledonary 
age ground aboveground leaves 

(days) 2 l 2 3 ~Petioles Laminae 
ee. 0 0 0 0 0 
5 0 0 0 0 0 0 
rs) 25 15 0 0 0 0 0 
7 15 10 0 0 0 0 0 
8 55 15 0 0 0 0 0 
y 10 5) (} 0 0 0 0 
10 A} 55 15 5 0 0 0 
1] 75 15 20 15 10 10 10 
12 55 90 2) 25 20 15 15 
3 5 5 10) 5 30 25 25 
14 65 60 50 1) 30 20 20 
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lo determine whether F. vasinfectum is capable of 
inducing fluorescence in plants other than cotton, six 
crop plants kleusine coracana Gaertn.. Oryza Sativg 
Linn.. Cajyanus cajan Adans. Lycopersicum esculentum 
Mill.. Arachis hypogea Linn. and Capsicum frutescens 
Linn.. were grown in sterilized soil inoculated with 
F. vasinfectum. and observed for 8 weeks. None of 
these plants fluoresced or yielded the fungus when 
their roots were plated-out. Within the limits ol the 
experiment. this fluorescence of plant parts seems 
specific to cotton infected by FE. vasinfectum. 

Daily variations in the in vivo fusaric acid in infected 
plants. Fusaric “ae id has been demonstrated in cotton 
plants infected by F. vasinfectum (3. 4. 7). Therefor 


the fusaric acid content of infected plants during a 


l4-day period of pathogenesis was studied Disease 
intensity as revealed under uv light was scored as 
follows plants showing fluorescence of stem 
ilone, 2 plants showing fluorescence of stem and 


in addition showing vein-clearing visible to the un- 
uided eye (5). 3 plants brightly fluorescent and 
necrosed The number of plants in each grade was 
multiplied by its score. the sum of the produ ts again 
multiplied by 100 and divided by 3 times the total 
number of plants in each replicate The mean of 
the replicates served as the wilt-index denoting the 
severity of the disease. Wilt index was recorded daily 
for 14 davs On each day. 10 g (fresh weight) of 
infected whole plants were washed in elass-distilled 
water and evround with acid-washed rivet sand ind 
10 ml distilled water. The extract was centrifuged, 
pH of the supernatant noted (colorimetric). and the 
supernatant concentrated to 2 ml over sulphuric acid 
in a desiccator under vacuum at 4°C. This concen- 
trated extract was used to assay fusaric acid by the 
agar-cup technique (2) hased on the capacity of the 
toxin to inhibit the growth of a selected soil bacterium. 
Variation in the in vivo fusarie acid content, progres 
sion in wilt. and changes in pH of the sap for 14 days 


following germination are presented in Table 3 


lable 2.) Percentage recovery of Fusarium vasintectun 
from parts along the axis of infected cotton plants. 
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Table 3.—Relation of age of cotton plants infected with 


Fusarium vasin{ tum to pH ol sap, disease intensity, and 
jsal acid ¢ nt 
lant 
age 
favs) Fusarl 11d pH W ilt-index 
0.1 6.4 0.0 
) ( 6.2 0.0 
2 H.U UU 
6 UU 
: ) 5.6 0.0 
f { re 5.6 
7 0. F fee .6 
0.1 7.3 ».6 
0 oO yt 8.8 
0.0 7.0 8.8 
0.0 7.4 16.6 
12 12 7.2 5.5 
3 52 7.2 12.6 
} 0.96 7.4 0.4 
Milligr 1 per 100 g tresh weig 
| ste fuorescing 2 stem Nuorescence + vein 
earing, 3 brightly fluorescent and necrosed plants Num 
f plants in each grade multiplied by its score, and the 
im of the products multiplied by 100 and divided by 3 


« the tota number of plants, 


Though fusaric acid was detected even on the second 
dav. it was not detectable again until the 12th day 
On the 12th. 13th. and 14th days the toxin was once 
wwain detected. being maximum on the 13th day, when 
The pH of the sap did not 


alter radically during infection. 


wilt-index also was high. 


Discussion. Comparison of results in Tables 1 and 
9 reveals that invasion of the cotton plant by F. vasin 
fectum and fluorescence progress in a parallel manner 
except for the absence of fluorescence during the first 
5 davs. even though the roots were colonized by the 
fungus from the 2nd day. This suggests the necessity 
of an initial period of interaction between the pathogen 
nd the host as a prerequisite for fluorescence. Ac- 
toxicity of fusarie acid to 
mato stems at a dosage of 150 mg pel ke fresh 


rding to Gaumann (1 


weight in a concentration of 2.5X10~°.M was zero at 
H 6.2. whereas the toxicity rating for leaves at the 
same pH and dosage was 1.37 This difference in 
fusaric acid activity in relation to pH and the nature 


f tissue on which it acts has been attributed to the 


igh degree of its dissociation at reactions above pH 
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} 


6.0 (] On the 2nd day of infection. the sap of in- 


fected cotton plants had a pH of 6.2 and contained 1] 


mg fusaric acid per 100 g fresh weight of plant tissue 
No data are available on the influence of 
pH of fusaric acid on its toxicity to cotton plants. 
Therefore. assuming that fusaric acid in cotton plants 
behaves in a similar manner as it does in tomato 
plants. the following argument could be advanced to 
explain the fate of the toxin detected on the 2nd day. 
In its highly dissociated state at pH around 6.0, the 
migration of fusaric acid molecules among cells 
through the plasma membrane has been hypothesized 
to be at a minimum, thus resulting in a very low utili- 
zation of the toxin by tomato stems (1). It is possible 
to visualize similar events in 2-day-old infected cotton 
plants. leading to the decreased activity of fusaric acid. 
Although at pH 6.0 greater damage to leaf tissue was 
possible. the quantity of the toxin left over after 
itilization by the stem could have been so little that 
it hardly reached the threshold necessary for foliar 
myury. Besides. the concentration ot tusari acid in 
the plant was so little, and further, the interplay of 
several unknown factors involved in host-parasite re- 
lationship of cotton wilt has to be taken into account 
in any attempt to explain the mechanism of fusaric 
cid activity in vivo 


Madras 5. India. 
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SUMMARY 

The mode of inheritance of pathogenicity was 1n- 
vestigated in 9 interracial hybrids involving 7 races 
of Ustilago avenae. Avirulence was dominant in all 9 


hybrids. Dominance was mplete in the majority of 





cases and almost complete the others. Virulence 
was inherited in monoge F.. ratios of 3A to IV. 
In hvbrids involving a multiplicity of virulence genes, 
segregation and recombination gave rise to new viru- 
lence types (race 

Introduction. Pathoge! difference among sub- 
species entities of U st venae (Pers.) Rostr. re 
flect genetic phenomen f basic significance to the 
identity and integrity of specialized races of this 
species, particularly with respect to establishing and 
maintaining systen of race classification Several 
workers (S. 6. 6 nave ncountered unstable patho 
genic patterns in certain race categories Also perti 
nent to this problem, Cherewick (1) emphasized the 
role of persistent hete1 osity for pathogenicity in 
the races of several smut ( including [ avenae. 
Repeated passage throu the host tester varieties pro- 
duced pathogenic homozygosity in some races whereas 
others remained hetero ifter as many as 10 
passages. Even some sporidial line combi 
nations that might have been expected to be homozy 
gous were among thie t enically nstable lines 
(1). 

Nicolaisen 1 previously shown that individual 
spores of l } Mm t t eterozygous tor patho 
genicity and that n 2 e hvbrid. virulence and 
avirulence might be either dominant or rece ve. de 
pending on the ost Halisk - ikewise con 
cluded that vil ence ’ iomimant in certain race 


hybrids of [ ! I ssive in others. but fils 


interpretatior ss ( e Trev 
the proble m of inst enicity tt ns in 
races of l en ! ) vy hete 75 itv but 
also the numb I ¢ factors tor pathogenicity 
and their mode of he nee, which in turn poses 
the questior i ‘ t f e of! i\ ence is 
dominant in race I he result f studies to 
clarify these points it rtain race hybrids are pre 
sented here 

Materials and methods r standard T ntial 
varieties of oats and f l wenae >) were 
used. The inoculation re made by icuun ump 
with inoculum « osed of paired cor itible mono 
sporidial lines vated tandard methods 2 


Compatible reactions between monosporidial lines were 
determined by mixing sporidia of two lines on agar 
and identifying compatible pairs from sporidial fusions 
observed with a microscope. 

Pathogenicity was measured in terms of infection 
percentages, which were based on total panicles to the 
row in the field and total plants to the row in the 
differential 


was virulent vs. avirulent, for which the ideal respec. 


greenhouse. The only pattern measured 
tive infection levels are 100 and 0. 
100% 


the virulent-reaction designations were based on infec. 


Although only a 
few infections occurred, the great majority of 

(predominantly above 70), 
the 50% 
more than three-fourths of the avirulent designations 


tions ranging from 50% 


with only a few below level. In contrast, 
were based on 0 infections. and the remainder were 
based on relatively low infections, which ranged up to 
26° (predominantly below 10). 
Results..-Dominance of 
of 7 races of l 


varieties of oats are shown in 


The 
. avenae and 9 hybrids on 4 differential 
Table 1. 


theoretical genetic analysis of pathogenicity in each 


at trule nee, reactions 


along with a 


race. The analysis indicated is based on a single re. 


cessive gene for each virulent pattern. The virulent 


and avirulent patterns indicated represent average in- 


fections produced by 4 or more pairs of monosporidial 


lines of each race and 8 or more pairs of hybrid 
combinations representing each of the various race 
crosses. The differential pattern between races and 


the comparative or contrasting pattern of related hy. 
(V) 


two ot the host vari- 


combinations shown by virulent and 


(A) 


brid are 


avirulent patterns on one or 


eties (Table 1). 

Dominance of avirulence is evident in every hybrid 
combination shown (Table 1). Thus. the F, pattern 
of the various race hybrids resembled one parent in 
some instances and neither parent in others. For 
example, the hybrid between races 1 and 2. which 


differ only in their respective avirulent and virulent 
patterns on Camas. displayed a typical race 1 host 
range. In contrast. the hybrid between races 2 and 3 
resembled neither parent in host range. In this hybrid 


the avirulence of race on the variety Monarch and 
of race 3 on Camas was dominant over the virulence 
of races 3 and 2, respectively. on these same varieties 
Hence. in the F,. hybrid like 12. displayed the 
host range of race 1. Hybrids 27 and 2*7b exhibited 
the A-2 host range. reflecting dominance of race 2 
avirulence on Gothland and Monarch 

The reactions indicated for hybrids of races 5X6 
and 7 also reflect dominance of avirulence and are 
based on data reported by Halisky (2). The hybrid 
KF, dicaryons were found to be only weakly pathogenik 
(1-9 infection), suggesting incomplete dominance of 
virulence. A revision of this interpretation followed. 
is discussed by Holton (4). and it is now conceded 
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Table 1. 


four differential varieties of oats. 
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races and 9 interracial hybrids of Ul stilago avenae 


Oat variety nd race reaction* Genetic analvsis 
I. avenae Vnchony Goth and \ionarch (amas Genotype Phenotype 
Race: 
] \ \ 4 \ aaGG MMC A.] 
9 \ \ \ \ aaGG MM« \-2 
3 \ \ \ \ aa GmmCt A.3 
A \ \ \ \ aage MMC¢ A-5 
6 \ \ \ \ aagemmC A-6 
7 ' \ \ \ 2agemmec A.7 
7h \ \ \ \ aage MMe A-7b 
(fos. 

x2 \ \ \ \ aaGGMMCe \-] 
9x3 \ \ \ \ aaGG MmCe A-] 
2X7 \ \ \ \ aaGgMmec \-2 
2x7b \ \ \ \ aaGgMMi 4-2 
ox6 \ \ \ \ aage MmC¢ A.5 
5x7 \ \ \ \ aagg Mm A-5 
6 7b \ \ \ \ aagg MmC A-5 
6x7 \ \ \ A aagemmCs A-6 
77] \ \ \ V aagg Mmce A-7b 

\ irulent; A = avirulent phenotypes. 

Vir } n Anthony. Gothland, Monarch, and Camas is designated by symbols aa, mm, and ce, respectively. 


that low infections by F, hybrid lines, like 0 infections, 
avirulence and that avirulence is domi- 
nant in Hybrid 


representing the cross 6X7, on the other 


ilso indicate 
hybrids 5X6 and 5X7. dicaryons 
hand. show 
complete dominance of avirulence (2, 3). The A-5 
pattern displayed by hybrid 6X7b reflects the aviru- 
A-7b on Monarch. 
Phe avirulence of A-7b on Monarch was also expressed 


<7b (Table 1). 


analysis indicated in 


lence of race 6 on Camas and of 
by the hybrid of 7 
Table 1. for the 
individual races and hybrids between them, is based 


that a 


The genetic 


conditions the 
host 


aviru- 


on the evidence single gene 


differential virulence of two races on the same 


variety (Tables 2. 3, 4). On the premise that 


lence is dominant. and expanding Halisky’s (2) system 
of gene symbols (exclusive of complementary genes). 
respectively, denote virulence on 


Thus. the 


aa, gg, mm, and cc, 
Anthony. Gothland. 


genotype of each race 


Monarch, and Camas. 
is homozygous for virulence and 
virulence as exemplified by its pathogeni 
(Table 1). For example. the 
host range of race | reflects the genotype aaGGMMCC, 


denoting virulence (aa) on Anthony only. whereas 


pattern on 


the four host varieties 


e Tee é/ cenotvp aagemmes denotes virulence on 


Such an analysis assumes that the 
Anthony is also | 
races, a tact not 


Anthony 


ill four varieties 
virulence on resent and re 
CESSIVE (aa) in all de monstrable 


without differential reaction on 


The various combinations of the genes indicated for 
races | ind 7 in homozvgous condition account for 
the pathogenicity patterns (phenotypes) of the other 


(Table 1). Ext 
brids het 
hybrids hetween races emphasizes the significance of 


» races ‘nsion of this analysis to the 


} 
the genotvpe 


henotype relationship to the identity and 
stability of pat] Thus, 


pathogenic phenotypically, 
hybrids ] | display the 


races. 


) 


2 and host range of race 


l, thereby reflecting directly the dominance of aviru- 
lence. Genotypically, however, both are heterozygous, 


12 for virulence on Camas and 23 for virulence on 
Hvbrids 5X6 and 


57 are phenotypes of race 5, although heterozygous, 


the varieties Monarch and Camas. 


respectively. for virulence on Monarch, and on Mon- 
Likewise, hybrid 6> 


but genotypically is heterozygous for 


arch and Camas. 7b is a pheno- 


type of race 5, 
The remainder of 


virulence on Monarch and Camas. 


the hybrids included in Table 1 (27, 27b. 6X7, 
7<7b) involve gene differences that combine into 
phenotypes resembling in each case the parent race 


that has the lower number of recessive genes for viru- 
All of these F, 


virulence on 


lence. hybrids, therefore, are hetero- 


zygous for their respective differential 
varieties. 

The foregoing analysis has self-evident implications 
with respect to establishing and maintaining genetic- 


ally stable pathogenic races. It is further evident that 


host screening, as an approach to homozygosity. is 
greatly enhanced by dominance of avirulence. inasmuch 
as strong virulence on a differential variety connotes 


reaction. On the contrary. 
kind ol 


patterns that has been reported 


that 
dominant (7) the 


homozygosity for 
should 
ability in pathogenic 


(i &. 6 8) en 


virulence be vari- 
n be expected. 
Further informa- 


number of 


Vonogenic control of virulence. 
inheritance and the 


Ustilago 


tion on the mode of 


governing virulence in avenae may 
selfing F, selfed 


I spore gives rise to 4 dicaryons constituting an F. 


lactors 


he obtained by race hybrids. Each 


population segregating for avirulence and virulence. 


Since the original crosses (Table 1) represent in each 


instance “avirulence virulence.” the resulting F 


hybrids are heterozygous with avirulence expressed as 


the dominant character. The ratio of avirulent to 
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Fable 2.—1 enta panied by re 
race ine vy ode ‘ 
{ ind 

Par 1) n-2 


virulent segre progeny determined 
by caleulatin thie e infection percentages of 
the 4 dicaryor t iriety ese rea 
lions are sua f ed : » avirulent to 
| virulent | | He the nharac 
ter shown by t f rulence Is domi 
nant The ) rat te <1T P recessive 
inheritance of t rulence tudied 


Virulence , (, ; \ tudy of 


the reaction rf elite I lerived ¢ rid 
I, spores reve tion for virulence ne the 
constituent race le 2 he fact that 
parent races A i \ e Se] e { 4.2 hy 
distinct pathog Got l Fable | 
reflects cvenetr mil ( ‘ | ‘ fence tor 
dominance of tor ! e- oF mtrol 
of virulence on G { ible 2 
Dominance of il how thre iniform 
ivirulence in the ! f rid ad \ = ] ilt 
ing trom tw lent rulent races 
(2X4. 2X ‘ e contro f virulence is 
indicated by the fect é eactions) and 
the genetic il f ft one eoregating 
F.. dicaryon fro ybrid « (ot d oats 
The homez ) f nt re viru 
lent. whereas th vous 
dominants (,( f itions 

Table 3 
race mel t 

\I 

? t 1) 

face O \I VIM 
face 6 \I\ VIM 
Race 
Race 


VIM 
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evant gene symbols, produced on Gothland oats by paren 
inheritance of virulence and avirulence 
I la rs for virulence 
Dicarvon-3 Dicarvon-4 Ratio 
0 (GG) 0 (GG) LA:OV 
)igg) 70 (ge OA:4\ 
9] (ge) 86 (eg OA:4\ 
0 (tg) 0 (t,o) BA-O*V 
0 (Ge) 0 (Ge) BA-:ON 
LOO (ag) GO ita) sA:1\ 
Ol(,a) GO} (ists) SA -:1V 
tted oat panicles indicating actual virulence. In this tab} 
(,¢ rene symbols, 
rulent and virulent phenotypes, respectively. Selfed spores 
vbrid Fk, dicaryons 
i! iverages for 8 hybrid dicarvons 
each consisting of 4 dicaryons. segregate clearly in 


ratio of 5 


cal 3:1 an 
| < 


These 


the dominance of avirulence and the simple recessive 


avirulent to 1 virulent phenotypes. Identi. 


ratios were obtained from analysis of 


pores of these two hybrids. data confirn 


control of virulence in races of U. avenae on Goth 


land oats 


ol avil ulen = and 


Vonarch. 


control ol 


enes (yr) fe 


Dominance 
monogent virulence are 
also indi ated by the pathogeni race hy- 


I Monarch oats (Table 3 


j 
Drids on 


patterns ot 


The F 


populations 


derived from crosses of avirulent virulent races 
»< 6, 9&7, Thx 7) resulted in consistent expressions 
f avirulence among 24 individual hybrid dicarvons 


reactions indicate dominance © 


The 3 F. 
(Mm) 


uniform 


avirulence. in 
populations derived by selfing one 


eterozvgous 


spore ol each cross produced i 


lh instance a 


expression of 3 avirulent t 


| virulent 


phenotypes on Monarch oats. Identica 
ratios were obtained from an analysis of 9 F, spores 
of these three hybrids. These 9 F. ratios indicat 
monogenic recessive control of virulence Thus. the 
data in Table ) show that on Monare i avirulence Is 


dominant (MM.Mm). virulence is) recessive (mm 


ind a single factor pair governs expression of this 
character in these l. avenae races 
Virulence genes (er for f Mas Dominance 
e symbols, produce Monat its by parent 
hey e of rule i rulence 
. . re for wi ence 


- 
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_ 
ng 

ee de ee ed ee a a 
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Table 4. The intection percentages, accompanied by relevant gene svmbols, produced on Camas oats by parent races 
| hybrids of l sti/ago avenae, depicting mode of inheritance of virulance and avirulence 


Infection on Camas 


id factors for virulence 


Parents and hybrids Dicaryon-] Dicaryon-2 Dicaryon-3 Dicarvon-4 Ratio 
Race 9 0 (CC) 0 1CC) 0«CC) 01(CcC) 1A -0V 
Race 6 0 (CC) 01(CC) 01CC) 01ce) tA -O0V 
Race 7 67 (ce) 00 ‘ce) 74 fee) 81 fee) OA:4\ 
Race 7b 3 (ce) 18 (cc) 64 (cc) 24 (ce) OA:4\ 
F, (5X7) 1 (Ce) 1 (Ce) 1 (Ce) 1 (Ce) 8A:0\ 
F, (6 7) 0 (Ce) 0 (Ce) 1 (Ce) 0 (Ce) 8A-0\ 
F, (6 7b) 0 (Ce) 0 (Ce) 0 (Ce) 0 (Ce) BA:OV 
F. (5X7) 100 (ee) 0 (Ce) > (Ce) 2 (CC) SA-1\ 
F, (6X7) 2 (Ce) 0«CC) 74 (ce) as BAST 
} 6 7b) 0 (Ce) 0 (CC) BH tec) 0 (Ce) SAV 
— Table 2 tootnotes In this table the letters in parentheses are virulent (cc) and avirulent (CC, Cc) gene symbols. 


avirulence was also evident in the pathogenic patterns 
displayed on Camas oats by 24 hybrid F, lines repre- 
senting avirulent virulent race crosses (5X7. 6&7. 
6X7b: Table 4 The data from 3 representative 
populatiens (Table 4) clearly display segregation of 
} avirulent to 1 virulent phenotypic reactions on 
Camas. Ten additional F. populations from these 3 
hybrids also displayed 3:1 ratios. Thus. these 13 
populations confirm that avirulence is dominant (Ct 
Ce) and indicate that virulence is inherited as a 
simple recessive character (c with respect to patho 
genicity on Camas oats. 

Discussion.—_The existence of discrete pathogeni 
races in Ustilago avenae reflects genetic control of 
virulence. a fact well established by previous research 


ins 


Halisky (2) to designate gene symbols mm, cc) tor 


The heritable nature of virulence led 


factors governing Its expression on specihe host vari 
eties. The extension of symbol designations for viru 
lence genes (aa, gg) in the present study clarifies the 
ielation between differences in virulence among smut 
aces and their respective genotypes. Thus. as shown 
wn Table 1. the existence of certain well defined races 


phenotypes) of &. avenae is predicated on a multiplic 


dicaryons. The establishment of the concept that 
avirulence is dominant (Table 1) further clarifies 
the mode of inheritance of these factors, and the 
delimitation, identity, and designation of single reces- 
sive gene pairs governing virulence on specific host 
varieties (Tables 2, 3, 4) indicates monogenic control 
of this character. 

The existence of multiple genes for virulence in l 
avenae also suggests a possible mechanism for the 
origin of new races of the pathogen. Thus. a meiotic 


reshuffling ot existing genes (da gg mm cc) into new 
combinations (genotypes) might | 


ead to the evolution 
of new races (phenotypes). which was demonstrated in 
a study of an avirulent virulent race cross segre 
gating for virulence at two loci (Table 5). The cross 


5 (aageMMC( \-7 (aagegmmes 


heterozygosity at loci “M” and “*( 


involves 
respectively. 
Selfing of the F, heterozygotes (aaggMmCc) produced 
F., dicaryons that segregated for virulence at both 
loci. The resulting F. population (Table 5) portrays 
the origin of new genetic combinations (aageMMec: 
aagemmCC) and. consequently, phenotypic segregants 


\-6: A-7b) unlike either parent (A-5, A-7). The 


experimental production of a= previously unknown 


ity of genes for virulence (aa gg mm cc) arranged in genotype (aaggMMec) through hybridization suggests 

Various Combinations genotvpes) within the parasiti a possible mec hanism for the evolution ot new pheno 
Table 5.--The pathogenic patterns and theoretical gene complexes of races A-5 and A-7, an F' hybrid, and | 
rogeny sl ng genotypically the possible origin of race A7b of U stilago avenae through interracial hybridization. 
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Cultivated toba \ f im | 24 
was susceptible t Ps [ 
(Wolf & Fost st iu thre vildfire 
disease of tobacco Inve t - of related species 
in the genus \ / ¢ Ow resistance to the 
organism in several .\ ecies (1. 4. 6 Vico 
tiana longiflor I ised in transferring 
resistance to cultivated Respe e products 
of the U.S.D.A nd tl Nent Kv A iltural Ex 
periment Station were tl tant irieties Burley 


21 and Ky 61 


In 1956 it wa ted t t rosse to susceptible 
tobacco, Burley 21 niformly re tant | 
whereas Ky 61 d Investigations were under 
taken to determine for the differe e. The 
breeding lines leading to these irieties were derived 


from different 
Methods. \ single pl elected f 


1 pro 
geny of Burley 21 that formlv resistant. Simi 
lar attempts failed t tain formly stant Ky 
61 line Therefore le nt line. Kv 61-5. wa 
selected that repr nte I t resistant single 
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THE NICOTIANA LONGIFLORA WILD- 
I 


I 

RLEY 21 AND KY 61 
Stokes 

Ky 


plant line found in Ky 61 (Table 1). 16 was used 


as the susceptible parent in all crosses. 

The bacterium was carried in vivo (Ky 16). Trans. 
fers were made with small (',.*14-in.) sections of 
diseased tissue cultured 24 hours in beef broth at 
room temperature. Four isolates from fteld cultures 


were mixed and diluted 1:1000 for field inoculations 


and 1:2000 for greenhouse inoculations. 
Field inoculations were made with a  boom-type 
spray rig so designed that inoculum could be directed 


since inoculum enters 
70° T-jet 


gave a droplet size 


to the lower surfaces of leaves. 
a leaf 


nozzles at 150 lb pressure per in. 


stomata (2). 


through Five-gallon 
adequate to cause incipient water-soaking. 
Greenhouse inoculations were made with a deVilbiss 


deliver ml 


paint spray gun adjusted to 10 per 10 
seconds at 15 Ib pressure per sq in. The = pressure 
was then lowered to the least pressure that would 


cause Ww iter-soaking. 
Results.-Kky 6] appeared to he 


selfed progenies were scored; the 


heterozygous when 
testcrosses, however, 
vielded more numerous resistant plants than the ex- 
pected 1:] (Table 1). 
This characteristic was common throughout the study 
in work with Ky 6] 


for a single dominant factor 
Progenies of 
in the field, 


Tables 2, 3, 4). 


testcross progenies, 
selfs were 


1958 


crosses, testcrosses, and 


rown 


inoculated. and scored in 


Table 1.—Reaction of self and testcross progenies of 
Kv 61 plants after inoculation by Pse monas tabaci 
-ell Testcross 
x Pes Sus Res Sus. 
Kv 6] | 19 13 
Ky 61 7 2 9 
Ky 61 ) ri 19 13 
Kv 61-4 24 8 23 9 
Kv 61-5 7] ) Ua 6 


10 
2A 
24 4 8 


; 15 
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OCUS IN TOBACCO VARIETIES 


Expected ratio x" P 
3:1 .06 8 
£31 2 7 
l:] 1.94 Ad 
3:1 0.0 1.0 


Table 2.—Kesults and x? analysis after inoculation by Pseudomonas tabaci." 
Number of plants 
Parentage Res. S 
Burley 21 20 
F, Bur 21 > Ky 16 7 
F. Bur 21 > Ky 16 98 
TC‘ Bur 21 Ky 16) & Ky 16 12 
Ky 61-5 58 
F, Ky 61-5 > Ky 16 56 
TC (Ky 61-5 Ky 16)-1 Ky 16 13 
F, Ky 61-5 Bur 2] 77 
TC Ky 61-5 > Bur 21)-1 * Ky 16 12 
Ky 16 0 
Field data 1958. 


The Burley 21 plant progenies gave the expected 
dominant factor as previously re 
Three of the F. Ky 61-5 


1. and 6) were acceptable 


ratios tor a single 
ported by Clavton (1). 
Kv 16 progenies (plants | 


for the 3:1 goodness of fit, whereas the other indi- 
vidual F, progenies (plants 1, 2, and 5) indicated 


poor transmission of the Ky 61-5 locvs even though the 


F, Ky 61-5 & Ky 16 was resistant and therefore 
carried the V. longiflora locus (Table 3). Three F, 
Ky 61-5 < Bur 21 progenies (plants 1, 3, and 4) were 


acceptable to the expected 15:1 ratio. whereas the 


2 other F. progenies (plants 2 and 5) were not accept- 
able (Table 4). 
and were acceptable throughout the progeny test. 


should be that the V. 


flora locus does not confer complete dominance. since 


Testcrosses gave the expected ratios 


Discussicn.— lt noted longi- 


homozvgous .V. tabacum lines show more resistance 


than the heterozygotes (3). 
The Burley 21 


the progenies of crosses and testcrosses segregated in 


line was homozygous resistant and 
Throughout the study. resistant 
those of 
both re 


the expected manner. 
plants of Ky 61 
Burley 2] 


sistant Burley 21 and Ky 61 plants will show a sus- 


were not as resistant as 


Since resistance is relative and 


ceptible reaction when concentrations of inoculum are 


high. slight differences between varieties in ease of 
water-soaking (5) could be a factor. 
When susceptible Ky 61 plants were selfed and 


the progenies tested, they were uniformly susceptible. 


analysis (3:1) of F. Ky 61-5 


idomonas 


Table 3.— Results and 


« Ky 16 progenies after inoculation with Ps¢ 


ai 


Number of plants 


| Ky 61-5 * Kv 16 Res. Sus y- r 
Plant ] 52 27 855 06 
Plant 2 50 0) 6.67 0] 
P} 2 
an 60 16 0) 
Plant 4 4 23 97 30 
Plant 5 53 27 3.27 07 
Plant 6 17 2] 1.25 25 
1.1 s16 146 

Total fy 15.87 
P 10.73 

| - o~ _— 
I g 14 2715 


whereas resistant plants selfed produced progenies that 
always segregated. 

Since Ky 61-5 resistance was transmitted through 
the female parent in all crosses and testcrosses in- 
volving Ky 61-5 and the per cent stainable pollen was 
normal, gamete selection through the pollen or an 
be eliminated. However, 
the progeny ratio from Ky 61-5 selfed was skewed to 
the susceptible side whereas the TC (Ky 61-5 & Ky 
16)-1 & Ky (Table 


This point. suggesting male gamete selection or 


embryonic lethal could not 


16 gave the expected 1:1 ratio 


a homozygotic lethal, awaits further study. 
If Ky 61-5 


gametes would carry the factor for either resistance or 


were assumed to be heterozygous, the 
susceptibility. Then, in crosses with Burley 21, an 
of 3:3 


carrying the susceptible factor 


be expected if the 
effected 


If a gamete carrving the resistant factor were involved, 


F. ratio would gamete 


fertilization. 
however, the F. progeny would be uniformly resistant 
if the parental factors were on the same chromosome, 
and 15:1 if not. 

Three of the 5 F. Ky 61-5 Burley 21 progenies 


were acceptable to the expected 15:1 and the TC(Ky 


61-5 Burley 21)-1 & Ky 16 fits the expected 3:1 
ratio when different chromosome locations were as- 
sumed. The data more nearly fit the assumption that 


the \. longiflora factor is located on different chromo- 


somes in the two varieties rather than on the same 


Table 4. analysis (15:1) of Fe Ky 61-5 


Results and y 


Bur 21 progenies after inoculation with Pseudomonas 
tabaci 
Number of plants 
Fo Ky 61-5 Bur 2] Res. Sus. x- P 
Plant | 73 6 26 me 
Plant 2 68 1] 8.07 004 
Plant 3 72 6 32 6 
lant 4 77 } 26 Be 
Plant 5 64 15 22.20 0001 
354 12 
lotal 5 $1.1) 
Pooled ] 13.32 


Heterogeneity } 17.79 .002 
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kor centuries Orob he sy] has been 
recognized a i ce isite t h el plants 
Several species ive ee ( ( Or t 
least 3. decades ed t ttention 
until their recent I | t ! other crop plants 
aie affected. 

The seeds ot - il] live I thie 
soil indefinitely é e association with 
the roots of suscept n ordel to establish 
their parasitic habit ‘ eral approaches to con 
trol have therefore eel é | eradicatior of the 
seed by chem il treatmet i the sot Ld ind 2) 
induction of see¢ ( tio the absence of a 
host The second 8 dis i here 

Though some eld ft theory of spontaneous 
generation of Orobat Vaucher 14. 15) first 
demonstrated (in 18 l I eeds normally germi 
nate only in the cinitv of host root 
Wight (17 considered t-¢ lent that root secre 
tions stimulate roomra seed 
Chabrolin, in a serie rf ( the last in 1939 
described a dry re 1 fro ;queous ex 
tracts of roots. that d wate iused 
germination of see¢ : § § 1) 0) 
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APE SEED GERMINATION 


1 Stephen Wilhelm 


<untlower roots. bark. stem. tissue and leaves « ontained 


stance that stimulated germination ot O. cumana 


a sub 
Wallr. seed rhis stimulant was shown to withstand 
boiling for Yo hour and to be present in certain non- 
hosts such as Jerusalem artichoke. but absent from 


wheat. barley. and maize. He further reported com. 
plete control ot 0). cohmana by Incorporating 10 65 g 
of dried sunflower meal per kg of infested soil (3), 


Brown et al (4.5.5) extracted. purified. and charae- 


terized the stimulant for Orobanche minor Sm. seeds 
from charcoal eluates that had been allowed to adsorb 


the stimulant from root secretions of flax seedlings. 


Phey recognized 2 phases in the total host-parasite re- 


lationship of the broomrapes and their respective 


hosts 1) stimulation of seed germination by the host 
root ind 2) seedling attachment to the root of the 
host They observed that flax plants. which are not 


parasitized by O. minor in the field. nevertheless pro- 


duce sizable quantities of a seed-germination stimulant, 


ind are more active in inducing the seed germination 


than are legumes, the normal host for this species of 


the parasite. Apparently a great variety of plant roots 


secrete the germination stimulant into their 


effective of the 


ordinarily 


rhizospheres. Flax was the most 

species tested by Brown’s group 
Davies (8) attempted to control Orobanche minor 

a very heavily infested red clover field in Wales 


sm, in 


by growing crops of flax prior to the clover. Broom- 


rape plant counts before and after the flax crop indi- 
cated a mean decrease of 2] for the 4 blocks grown. 

Izard and Hitier 
taining a pyridine nucleus, pyridoxal and niacinamide, 
Orobanche 


does not 


(11. 12) reported the vitamins con- 


vermination of ramosa \.. seed. 


work. 


stimulated 
Phe 


present however. confirm their 


results, with the lots of Orobanche ramosa tested. Nor 
was Brown's group able to show stimulation of Oro- 
banche minor seed germination with these or other 
vitamins tested (2). Guidice (10) reported 15% 


germination of the seed of O. speciosa DC after a 


24-hour treatment in concentrated ammonia. 


The compound or compounds isolated by Brown et 


al were described as stimulatory at dilutions of 


LO*-10". Chemical and spectrophotometric analyses 
showed evidence of a potential acid group, of a lactone 
or ester group. of a methyl group. of a hydroxyl group. 


and of a double bond. No sulfur 


nitrogen, phosphorus, 
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October. 1960 NASH AND WILHELM: STIMULATION 


Table 1.—Germination percentages of various lots of 
Orobanche seeds at concentrations of gibberellic acid from 


0 to 100 ppm. 


Gibberellic Incubation Germina 
acid No. seeds time tion (%) 
Species (ppm) counted (davs) 
0). ramosa 0) 161 18 0 
lot | l 55 () 
2 106 1.9 
<U 213 5 
100 148 17.0 
Ses 7 ) 
4). ramosa 0 Ws 2 (), ] 
ot 2 l 5133 0.52 
0) 475 2.24 
0 ramosa 0 29 ) 14 0 
lot 3 5 0 
| 2026 14 0.28 
> 2749 14 1.44 
5) 2.40 
0. ludo 0) 789 21 90.5 
viciana val | 1707 4.5 
oper 20 1667 11.3 


or halogen was present. The carbon-hydrogen analysis 
revealed a carbon content of 59.5-62°7. hydrogen 7.6 
87°). The use of n-butanol-acetic-acid—water paper- 
strip chromatograms in purifying the crude extracts 
revealed biological activity in the fractions traveling 
close to the solvent front with Rr values greater than 
0.8 and distinct from the extract fractions containing 
carbohvdrates. which have Rr values less than 0.5 on 
this type of chromatogram. Since the active region Is 
wide, there is a strong possibility that several closely 
related substances were concerned in_ stimulation 
rather than one substance. 

The work of Brown's group seems to implicate 
sibberellin-like substances as stimulatory substances 
for broomrape seed germination. To test this impli- 
cation, gibberellic acid was investigated as a stimulant 
of germination for 2 species of broomrape. 

Materials and methods. The seeds used were har- 
vested from infestations in tomato fields in 2 areas in 
California—O. ramosa from the Centerville area. Ala- 
meda county: and O. ludoviciana var. coopert (Gray) 
Beck. a native broomrape. from the Mecca-Indio area. 
Riverside county. The seeds were washed and = sus- 
pended in a solution of Tween 80 in order to wet 
them. They were then surface-sterilized in 10° 
Clorox for 2 minutes. and washed several times to re- 
move the Clorox. One ml of each suspension was 


pipetted onto the surface of a poured Petri plate con 


taining 2°; washed-sterilized agar with filter-sterilized 

gibberellic acid incorporated in it at various levels 
| 

up to 100 ppm. Three lots of the O. ramosa and one 


of the O. ludoviciana seed were tested 

Incubation was at room temperature in the dark 
The number of seeds germinating was determined with 
the dissecting microscope. The results were read at 
18 days in one test. 14 days and again at 35 days in 
another test. and at 21 days in a third test. It was 
observed that the seeds completed germination within 
3 weeks, 


OF BROOMRAPE SEED GERMINATION dds 


Surface sterilization with Clorox was found neces- 
sary for the seed lots used. Otherwise. fungi grew 
profusely over the seed and the surface of the agar 
plate, causing the seed to rot before the normal time 
of germination. 

Results.-O. ludoviciana seeds germinated spon- 
taneously without gibberellic acid, but germination 
was significantly increased by gibberellic acid (Table 
1). The O. ramosa seeds germinated much less abun- 
dantly. but showed a definite stimulation with gibber- 
ellic acid even at very low levels. Germination tended 
to increase with increasing concentrations of gibber- 
ellic acid. 

Niacinamide and pyridoxin at 100 ppm did not 
stimulate germination in either species of broomrape 
tested. nor did nutrient or yeast-extract agars. Viability 
in a lot of O. ramosa seed was estimated at 10-15% 
by repeated planting (ten) of tomatoes to pots of soil 
infested with known numbers of seed. Since O. ramosa 


s not native to California it is possible that lack of 


viability may be due to poor pollination. When seed 
was stored for 4 years and re-examined under a dis- 
secting microscope, many appeared smaller. empty. 
and light in color. Since the germination per cent of 
the lot had not materially changed from the original 
count it is believed that these shrunken seeds had 
never hee n viable. 

It was noted that the radicles of the germinated 
seeds of O. ludoviciana became about 2-3 mm long 
(Fig. l F and progressed no further regardless ol how 
long the plates were held. From the time of seed 
germination, growth of the radicle required about a 
day. although 2 weeks often elapsed before the dry 
seeds placed on the agar surface began to germinate. 
Though percentage of germination increased with 
increasing amounts of gibberellic acid, radicle length 
was not affected. A tiny knob is located at the tip of 
each radicle (Fig. 1). O. ramosa seeds. which are 
smaller (about 0.2 mm in diameter), produced radi- 


cles up to 1.5 mm long. with a less obvious knob. 





Fig. 1.—Seeds of Orobanche ludoviciana var. cooperi 
(Gray) Beck at 21 davs of germination on water agar con- 
taining 20 ppm gibberellic acid. The radicles in this species 
reached a length of 2-3 mm and had a definite knob at 
the end. No branching or secondary rootlets were observed. 
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Discussion.—_It_ see easonable to assume that 
plant gibberellin 6) secreted into the rhizo- 
sphere by roots n ‘ ntribute substantially to the 
stimulation of germinat 1 Orobanche seeds. The 
tiny seedlings ther independently reach a length 
of a few mm, but if the ire unable to penetrate a 
host plant they die eeds stimulated by flax 
would be destroyed keve sO, it is questionable 
whether trap crops could e etheient control. Oro- 
banche plants ordinaril oduce great quantities of 
seeds, which remain viable in the soil for many vears. 
Relatively few could be eliminated with each plant- 


ing of a trap croy | ge! ination and death depend 


on proper depth, locatir vithin the rhizosphere of a 
rootlet actively secretin t ilant and in proper stage 
of development ind | moisture ontent (Lom- 
bining a suitable rotat equence with a good fumi- 
gation progran 18 however. might be more effec- 
tive than either practice lone Department of Plant 
Pathology, University of California. Berkeley 4. 
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The perfect stage of H. victoriae was then 
The 


e other 


obtained by pairing these strains. methods used 


in obtaining fertile perithecia of the fungus in paired 
cultures are reported herein The morphology and 
taxonomy of the species are discussed. and evidence 


if its heterothallic Is presented 

Miterials ard Phe 
conidial isolates from diseased oats from Mississippi. 
Florida Georgia, Texas. Louisiana. Wyoming, 
North ¢ and Wisconsi Also studied were 3] 
monoascosporic cultures isolated from perithecia pro- 
duced inp: 


Mature perithecia were obtained when small pieces 


nature 


methods, fungi used were 22 


lowa. 
trolina. 


ired cultures 


mycelium of compatible isolates were placed on 


opposite sides of a section of sterile corn leaf placed 


in the center of a Petri plate containing Sach’s nu- 
trient agar. The sections of corn leaf. about 1 xX 1 
in.. were sterilized by autoclaving 1 hour Fertile 


were paired 
but their 
Numerous pairings on 


1 were also formed when isolates 


of sterile | 
usually 


peritheci 


on opposite sides marley grains. 


numbers were fewer! 


a 


ee 


= 
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opposite sides of small pieces of oat leaves failed. as 
did several matings of known compatible strains on 
agar media without leaf tissue or grains. 

“Mature perithecia developed most abuncantly and 
consistently when paired cultures were grown on a 
medium of pH 4 and kept continually at 24°C. Ad- 
ditional studies indicated that light was not a factor 
Under optimum conditions. 


days and 


in sexual reproduction. 
perithecia appeared 
immature asci after 11-13 days. 
ef the asci contained mature ascospores after 15 dys, 


after 6-7 
\ small proportion 


jmmature 


and most of the functional asci contained mature 


spores after 22 cays. 
Morphology znd taxonomy.— Mature perithecia are 
They measure 225- 


Long 


black and ellipsoidal to globose. 
130 w in height and 210-370 ,» in diameter. 
brown setae are produced over the upper third of the 
frequently 


perithecium. ‘onidiophores and conidia 


develop on the perithecium. A _ well-defined ostiolate 


beak. subconical to paraboloid and 30-170 ,» long. 


is usually produced. A mass of hyaline cells fre- 
quently covers the apex of the beak. 
The locule is filled with a mass of hyaline, fila- 
mentous pseudoparaphyses. Asci are produced among 
the pseudoparaphyses and arise from the base of the 
locule. The clavate and straight 


or slightly curved, with a short stipe. Asci appear to 


asci are cylindrical or 


for there is no evidence of an exten- 
They measure 98-207 20.4—-58.7 4 


(mean 137.5 . 26.8 py). Asci contain l 8 as ospores 


he unitunicate, 
sible inner wall. 
coiled in a close helix. Ascospores are discharged by 
the splitting of the upper part of the ascus wall. 

flagelliform, and 


The ascospores are filiform or 


somewhat tapered at the extremities. Mature asco- 
spores are typically hyaline, with 5—9 septa, and meas- 
ure 147-3026.5-13.0 p 226.5X8.1 4). Fol- 
lowing discharge, the ascospores are often surrounded 


by a thin mucous envelope. 


(mean 


Germination is terminal 
or lateral. 

The fungus belongs in the Cochliobolus, 
erected by Drechsler (1) to include species formerly 
Ophiobolus, but 
ascospores in helicoid arrangement and He!- 
Since H. victoriae is 


venus 


considered in differing in having 
filiform 
minthosporium conidial stages. 
considered a valid conidial stage, no perfect stage has 
hitherto been 


scribed as a new species 


associated with it. The fungus is d>- 
of Coc hliobolus. as follows: 


Cechliobolus victoriae sp, nov.—Ascomata nigra. 


ellipsoideo-globosa. ostiolata. 225-430 y alta 210 


370 w in diametro, per quadrantem superiorem setis 


longis brunneis tecta, saepe conidiophora et conidia 


ferentia: rostrum ostiolarem definitum. subconicum. 


usque paraboloideum, 30-170 » longum, ad apicem 


saepe massa cellularum hyalinarum tectum: loculus 


massa pseudoparaphysium hyalinarum _filamento- 


sarum et ascorum impletus: asci cylindrico-clavati. 


recti vel subcurvati, breve stipitati, adparenter uni- 


tunicati, 98-207 * 20.4-38.7 « (mediani 137.5 26.8 


ul: parte superiori fissente et ascosporas ejiciente: 


ascosporae 1-8, in helice stricta circinnati, filiformes 


vel flagelliformes, ad apices attenuatae, hyalinae. 
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5-9-septatae, 147-3026.5-13.0 wp (226.5X8.1 2), 

e tegumento tenui mucoso circumdatae, terminaliter 

vel lateraliter germinantes. 

Type specimens heve been deposited in the Na- 
tiona! Fungus Collections, Beltsville, Maryland, and in 
the Herbarium of te Royal Botanic Garden. Kew. 

Heterothallism.—Studies with selfed 


tures of conidial and ascos~oric isolates of C. victoriae 


end paired cul- 


have indicated that the species is heterothallic. Ma- 
ture perithecia were produced only when ironoconidial 
or monoascosporic isolates were grown in pairs. Single 
isolates produced only protorerithecia or none at all. 

The finding of the perfect stage of H. vic'oriae and 


its production in culture wil! make 


nossible a study 
of the genetic mechanisms controlling pathogenicity 
and toxin production. Furthermore, s‘udies on the 
genes controlling sexual reproduction should present 
information on the relationship of H. victo ‘ice and 
related species. North College. 


Raleigh. 


Carolina State 
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le~ed 
Root grafts between oaks may be important as 
avenues of infection for short-distance spread of the 


wilt fungus. Ceratocystis fagacearum (Bretz) Hunt 
(3). It is not vet clear. however. how much of the 
short-distance spread in the southern Appalachians 
re>resents root-graft transmission. 

{ relevant observation is that 78% of wilting oaks 
examined in Kentucky. North Carolina, and Tennessee 
were within 30 ft of wilt-killed trees, and 96% were 
50 ft (2). Thus most wilt spread near known 
infection centers is within the probable root zones of 
infected oaks. 

In 1958 and 1959, the frequency of root grafts as 
courts in oak wilt 
spread was studied. All lateral roots of 42 wilting oaks 
within 30 ft of wilt-killed trees in western North Caro- 
lina were cultured taken about 1 ft 


\ patch of bark was removed from 


within 


natural infection short-distance 


from samples 
from the stem. 
the root, the exposed wood was swabbed with alcohol 
were ob- 
tained Usually 3 


cores were taken only around the upper 4% circumfer- 


increment hammer cores 


and flamed. and 
aseptically from the exposed area. 
ence of each root because of difficulty in sampling the 
underside of the root in position. They were placed in 
a culture tube containing liquid Barnett’s medium (1). 
When the oak wilt fungus was present in the cores 
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Table l.—D [ wi ik Wit Tungus was isolated from the wilting tree's root near the graft 
Nas isolal Self-grafts were present in the roots of 5 trees, 
deals ee Distribution of the wilt fungus in the sampled roots 
(ft) { nvolved is of interest (Table Ll). C. fagacearum was isolated 
from 21 roots of 13 trees at least 9 ft from the stem, 
; \s mentioned, each of the sampled trees showed cy. } 
) rent wilt symptoms. In 1958 the test trees were cut 
12 10 during the period June 19 to July 8. and root sam. il 
Is pling was completed by September 24. In 1959 the 
18 ) T 
] trees generally were not cut efore root sampling, 
4 which was finished by August 13. 
Thus, during both summers the wilt fungus was 
s ilready present in many roots of wilting trees at an 
from a given root l eadily identifiable in 7-10 . y 
appreciable distance from the stem. In one root it 
days of incubation I There was very little 


was isolated 24 ft from the stem. The distribution 


contamination ; : 
of C. fagacearum within individual roots varied con- 





. Sota OF 3 e © sampled, of which 46 roots siderably. For example. 20 roots cultured positive at 
OF , ete n aS enters contained the wilt ) or more sample points. Phe positive sample points 
fungus near the we W ayer ible asi infected were consecutive in 9 roots. but there were necative 
ae ee Sees wered either to its end or to 4 sample points between positive ones in 11 roots. One 
diameter of % that it could be examined for root was traced for 34 ft and sampled at 11 points 3 
grafts. In additior 6 in. tol were removed ft apart It vielded the fungus only at the 18-foot 
im Rveram ith ss Pizaen . CG Fens sample potnt. 
and the sections wer — a the laboratory. Cul Roet grafts were shown to be infection pathways in 
ee oe ene Oy Pe te Dark Trom eae’ section. only 1 of the 23 oaks examined, although all these trees 
swabbing aie pita vie 7 WK leol ol fHaming uM were within the root zones of wilt-killed trees. There : 
and cutting chi und the entire circum is the possibility that some infected roots were missed 
wees er cue farnett's agar. Examining during the initial sampling. For the infected roots 
cultures after e t day ibation at 70-75 °F usually located. however. the presence of gratts and distribu- 
made it possible to id . fagace ; yen WHEN tion of the wilt fungus were determined reliably. 
other fungi were The presence of C. fagacearum in many ungrafted 

The 46 infect rred on the following host roots at appreciable distances from the stem could be 
SCRE gy with — - — a of diameters at explained by movement of the fungus into the roots 
breast height v I} trees, 4-26 in from the stem or by some other means besides grafts. 
V. falcata oes ; sh V ve > trees, 6-8 in It Was noted several times that roots) of diseased 
v. velutina, a. wigs sport 920 linear feet of and healthy oaks were in contact though not orafted: 
Pe WEES EXPORCS, | me . FOS, SOCKEORS Wert more often they were only a few inches apart. Thus, 
removed Laborato plerdee whe Witt tungus if soil vectors of the wilt fungus are involved in short- 
from 110 of th distance spread. the fungus need be transported only 

Three intertree root vere found. In one root a few inches or less. Neither free growth of the 
graft the pathoge ited Tron oth roots 01 fungus through soil nor soil vectors have vet been 
the graft, ther . Peevey OF Sesecee demonstrated. however.—-Southeastern Forest) Experi 
In this case, a current '/-in. scarlet oak was ment Station, U.S. Department of Agriculture, Forest 
grafted to at sak It the Service, Asheville. North Carolina 
previous vear B f were thick 
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